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PREFACE 

Most of the preventable losses in the engine rooms of steam 
power plants occur in connection with the auxiliary equipment. 
Generally speaking, there is not a great deal that the operating 
engineer can do to increase the efficiencies of the prime movers 
— ^the turbines or engines. It is also a fact that, as a rule, 
the prime movers in a plant give relatively little trouble and 
involve relatively little maintenance expense. Most of the 
trouble and maintenance expense is due to the auxiliaries. 
Thus, it follows that, in a sense, the auxiliary equipment com- 
prises the most important part of that portion of the power- 
plant equipment which transforms the heat in the steam into 
power. 

Hence, in this book, it has been the endeavor to give such 
data as will enable the operator to select, and properly install, 
auxiliary equipment which will insure the generation of power 
at the least cost. Furthermore — and quite as important — it 
has been the aim to provide the information whereby this auxil- 
iary equipment can be so operated and maintained that its 
preventable losses will be a minimum and that its up-keep 
expense will be as small as is feasible. 

Drawings for all of the 411 illustrations were made especially 
for this work. It has been the endeavor so to design and 
render these pictures that they will convey the desired infor- 
mation with a minimum of supplementary discussion. 

Throughout the text, principles which are presented are 
explained with descriptive expositions or with worked-out 
arithmetical examples. At the end of each of the 13 divisions 
there are questions to be answered and, where justified, 
problems to be solved by the reader. These questions and 
problems are based on the text matter in the division just 
preceding. If the reader can answer the questions and 
solve the problems, he then must be conversant with the sub- 
ject matter of the division. Detail solutions to all of the 
problems are printed in the appendix in the back of the book. 

• • 
Vll 
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viii PREFACE 

As to the method of treatment: Pumps are first considered 
because almost every power plant, regardless of size, requires 
pumps of some sort, for its operation. Hence, there are 
divisions on pump calculations, direct-acting steam pumps, 
crank-action pumps, centrifugal and rotary pumps. Next 
follows a discussion of boiler-feeding apparatus such as boiler- 
feed pumps and their governors, injectors, and gravity boiler- 
feeding devices. The problems of feed-water heating are then 
treated in the divisions on feed-water heaters and economizers. 

Following this are divisions on condensers and methods of 
recooling condensing water which, it is believed, are, both 
economically and practically, very thoroughly treated. 
Finally, the divisions on steam piping, live- and exhaust- 
steam separators, and steam traps explain how these elenients 
should be selected, installed, and maintained. They also 
present solutions to the problems of preventing losses from 
and in steam pipes. 

With this, as with other books which have been prepared by 
the author, it is the sincere desire to render it of maximum 
usefulness to the reader. It is the intention to improve the 
book each time it is revised and to enlarge it as conditions may 
demand. If these things are to be accomplished most effec- 
tively, it is essential that the readers cooperate with us. This 
they may do by advising the author of alterations which they 
feel it would be advisable to make. Future revisions and 
additions will, insofar as is feasible, be based on such sugges- 
tions and criticisms from the readers. 

Although the proofs have been read and checked very care- 
fully by a number of persons, it is possible that some undis- 
covered errors may remain. Readers will confer a decided 
favor in advising the author of any such. 

Terrell Croft. 

University City, 

St. Louis Mo., 
Marchf 1922. 
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STEAM POWER PLANT AUXILIARIES AND ACCESSORIES 

List Of Symbols 

The following list comprises practically all of the symbols which are used 
in formulas in this book. Symbols which are not given in this list are 
defined in the text where they are first used. When a symbol is used with 
a meaning different from that below, the correct meaning is stated in the 
text where the symbol occurs. 

Section 
Symbol Meaning First Used 

A Piston area, in square inches 21 

Abh Area of boiler heating surface, in square feet 192 

Ai Internal area of pipe, in square inches 440 

A/ Area, in square feet 19 

Cg Specific heat of combustion-gases 303 

Cw Specific heat of water 303 

d Diameter of impeller, in inches 121 

di Internal diameter of pipe, in inches 19 

dim Inside diameter of main pipe, in inches 444 

do External pipe-diameter, in inches 448 

dp Piston-diameter, in inches 26 

d. Steam-piston-diameter, in inches 28 

D Density of steam, in pounds per cubic foot 440 

Di Density, in pounds per cubic inch 21 

Dc Duty, in foot pounds per 100 pounds of coal 47 

Dh Duty, in foot pounds per 1,000,000 B.t.u 49 

Da Duty, in foot pounds per 1,000 pounds of steam 48 

ei CoeflScient of linear expansion 447 

E Efficiency in per cent 392 

Efc Hydraulic efficiency, in per cent 37 

E» Indicated eflSciency, in per cent 35 

Em Mechanical efficiency, in per cent 41 

Em Efficiency of motor, in per cent 138 

Ep Efficiency of pump, in per cent 138 

Et Total efiiciency, in per cent 42 

£{ Thermal efficiency, expressed decimally 321 

Et, Volumetric efficiency, in per cent 25 

Evd Volumetric efficiency, expressed decimally 26 

g Acceleration due to gravity in feet per second, per second = 

32.2 7 

H Heat, in B.t.u 49 

H Total heat of steam, in British thermal units per pound 244 

Hf Per cent, saving in heat-content of fuel 244 

xu 



LIST OF SYMBOLS xiii 

Section 

Symbol Meaning Fibst Used 

Ht Heat, in B.t.u. given up by the steam per hour 348 

Hv Latent heat of vaporization of steam 189 

/ Current, in amperes 138 

K Condensation, pounds per hour per square foot of pipe surface . 499 

K A constant 107 

Kn A constant 406 

I Linear expansion of pipe, in inches 447 

L Length of stroke, in inches 21 

Lb Minimum pipe length required for bend 448 

Le Pipe-length, in inches, having resistance equivalent to one 

90-deg. elbow 446 

Lf Length, in feet 39 

Lk Height, infeefc 268 

Lh Static head, in feet 5 

Lhfe Friction head, in feet, due to pump passages and valves 9 

Lhff Friction head, in feet, due to pipe bends 9 

Lhfi Fricton head, in feet, due to inlet flow ; 9 

Lhfp Friction head, in feet, due to straight pipe 9 

LhfT Total friction head, in feet 9 

Lhfv Friction head, in feet, due to valves in piping 9 

Lhmd Measured head, in feet, due to delivery lift 11 

Lfc», Measured head, in feet, due to suction lift 11 

Lhmp Head, in feet, due to back pressure on delivery-pipe outlet. . . 11 

Lhm7 Total measured head, in feet 11 

Lfcjp Total head, in feet 12 

Lku Useful head, in feet 34 

Lhv Velocity head, in feet 7 

Lp Length of pipe-Hne, in feet 448 

Lt Piston-travel, in feet per minute 26 

Lv Pipe-length, in inches having resistance equivalent to one 

globe valve 445 

L» Width of belt, in inches 145 

M Relative humidity of the air expressed decimally 398 

N Revolutions per minute 118 

N» Number of strokes per minute 21 

P Pressure, in pounds per square inch 5 

Pa Absolute pressure, in pounds per square inch 189 

Pwip Driving horse power 41 

Pbap Boiler horse power 229 

Pd Discharge pressure, in pounds per square inch ^ 49 

Pd Hydrostatic pressure head, in pounds per square inch. 49 

TT 3.1416 19 

Phmv Vacuum, in inches of mercury 322 

Pkmb Barometer reading, in inches of mercury 327 

Pi Intake pressure, in pounds per square inch 49 



xiv LIST OF SYMBOLS 

Sbction 

Symbol Mbanino Fibst Ubbd 

Pm Mean effective pressure, in pounds per square inch 322 

P, Steam pressure, in pounds per square inch 28 

P«Ap Useful hydraulic horse power 34 

Pv Vapor pressure, in inches of mercury 398 

P« Total head-pressure, in pounds per square inch 28 

P«Ap Actual hydraulic horse power 35 

T Absolute temperature, on Fahrenheit scale 321 

Tf Temperature, in degrees Fahrenheit 244 

Tf Temperature change, in degrees Fahrenheit 447 

Tfa Average temperature, in degrees Fahrenheit, of water leaving 

cooling-tower 419 

T/a Temperature of air, in degrees Fahrenheit 452 

T/e Temperature of condensate, in degrees Fahrenheit 344 

T/d Final temperature of condensed steam, in degrees Fahrenheit 189 

Tfd Dry-bulb-thermometer temperature, in degrees Fahrenheit . . 406 

Tfg Loss of gas temperature, in degrees Fahrenheit 303 

T/i Temperature of intake water to injector, in degrees Fahrenheit 189 

Tfg Temperature of steam used for heating feed-water 266 

Tfg Temperature of steam, in degrees Fahrenheit 189 

Tf„ Wet-bulb-thermometer temperature, in degrees Fahrenheit . . 392 

Tfv, Temperature gain, water, in degrees Fahrenheit 303 

Tf„ Temperature, of feed-water in degrees Fahrenheit 309 

T'fw Temperature of feed water, in degrees Fahrenheit, at exit of 

economizer 309 

U Coefficient of heat transfer in B.t.u. per hour, per degree 

Fahrenheit temperature difference 277 

V Velocity, in feet per second 7 

V Volts 138 

V Volume of condenser, in cubic feet 342 

Va Volume, in cubic feet per minute 19 

Vef Displacement, in cubic feet per minute 21 

Vgm Quantity of water, in gallons per minute 19 

Vm Velocity, in feet per minute 19 

W Weight of liquid, in pounds 31 

W Weight, in pounds per minute 21 

Wc Weight of condensation, in pounds per hour 452 

We Weight of coal, in pounds 47 

W/ Weight of feed-water entering heater, in pounds per hour . . . 262 

Wf Weight of feed water leaving heater in pounds per hour 266 

W^ Weight of gas, in pounds, per pound of coal burned 303 

Wi Weight of moisture in steam, in pounds 476 

W, Steam rate, in pounds per hour 262 

W, Weight of steam, in pounds 48 

W«ff Pounds of water pumped per pound of steam 189 

Wu Useful work, in foot pounds 31 



LIST OF SYMBOLS XV 

Suction 
Stmbol Mbaninq Fibst Ubbd 

W„ Weight of water, in pounds 189 

W„ Weight of water evaporated, per pound of coal burned, in 

pounds 303 

Ww Water rate, in pounds per hour 344 

W„ Weight of water evaporated, in pounds per square foot per hour 398 

Wwfc Weight of water per boiler horse power per hour 229 

X Slip, in per cent 24 

X Saving, in per cent 309 

X Quality of steam 189 

X Ratio ". 303 
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STEAM POWER PLANT 
AUXILIARIES AND ACCESSORIES 



PUMP CALCULATIONS 

1. The Height To WWch Water May Be Drawn By Pump- 
Suction depends principally: (1) Upon the condition of the 
pump as regards the 
tightnesa of its valves, 
piston- or plunger- 
packing and piston- 
rod packing. (2) 
Upon the waier-fric- 
tion in the suction 
pipe (Sec. 8) and jU- 
tings. (3) Upon the 
temperaiure of the 
vxiter. (4) Upon the 
altitude above sea-Uvel. 

Note. — The practical 
maximum suction-lift is 
about 22 feet. 

EXPLANATI ON. A t- 

moapheric pressure at 
eea-level is about 14.7 
lb. per sq. in., absolute. 
A 2.31-ft. height of water- 
column is the equivalent 
of 1 lb. per sq. in. pres- 
sure. On this basis the 
theoretical suction-lift at 
sea-level is J4.7 X 2.31 

= 34 ft nearly. But p„. .._„„,ADoab,e.Aetin,S„.tio„Pu™pOp™u.. 

m actual practice a lift 

of 22 ft. under sea-level atmospheric pressure is, due to unavoidable 

leakage, friction and vaporization (Sees. 5, 8, and 10), seldom exceeded. 
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Th^efore (TabU 2)^ a pump lifting 22 ft. at sea-level would, at 1 mile 
- sbov% GSs^leT^, V lii|i» tlte atmoapberic pressure is about 12.02 lb. per 
• ^q. ill.; ^e a lif£ ot l5."02 X 22 4- 14.7 = 17.9 tt. 

Note. — The net suction-lift of a reciprocating pump is the vertical 
distance, Liu (Fig. 1), from the level of the water in the well, or other 
source of euction-aupply, to the level of the discharge-valve Beats. The 
total Huction-lift comprises the net hft and the friction head [Sec. 6) due 
to water-friction. 

2. Table Showing Practical Pump SuctiOQ TAtts At Various 
Altitudes. — Ordinary atmospheric temperature is assumed. 
(Goulds Catalogue.) 



Altitude above sea-level 


Barometn 


c pressure 


Practical 

suction 












Miles 


Feet 


Pounds 
per sq. in. 


Head in ft. 

of water 


pumps, 

feet 


Sea-level 


Sea-level 


14.70 


33 95 


22 


y* 


1320 


14.02 


32-38 


21 


H 


2640 


13.33 


30.79 


20 


H 


3960 


12.66 


29.24 


18 


1 


5280 


12.02 


27.76 


17 


i>i 


6600 


11.42 


26.38 


16 


IH 


7920 


10.88 


25.13 


15 


2 


10560 


9.88 


22.82 


14 



3. la Tht Pumping Of Hot Water the tendency of the water 
to vaporize under difEerent de- 
grees of absolute pressure must 
be considered. As the suction- 
lift of a pump increases {Fig. 
2), the maximum temperature 
of the water that can be pumped 
decreases. Generally, it will be 
found practically impossible to 
lift water at a temperature 
Th^*Th^r^ above 150 deg. fahr. Hence, 
Water UH o( A Pump. Caicuistions where a boiler feed-pump (Fie. 

Are For S™ Level, „, ■ ■. . ■ , 

3), receives its suction supply 
from an open feed-water heater, the water must flow to the 
pump under (Sec. 4) a static head. 
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4. The Static Head Of A Fluid Column^ as a column of water 
(Lh2f Fig. 4) in a standpipe, is the vertical distance between 
the base and the top surface of the column. It is understood 
to mean the pressure which the column imposes on the plane 
which is taken as a base. Thus, a 30-ft. static head means the 
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Fig. 3. — Boiler Feed-Pump Taking Water-Supply From Open Feed-Water Heater. 

pressure, per unit of base area, which is due to the weight of a 
fluid column 30 ft. high. 

Explanation. — Lhi (Fig. 4) is the static head of the column of water 
above the plane AB, while Lki is the static head above the plane XY. 
A column of water 1 in. square and 1 ft. high weighs, approximately, 
0.433 lb. Hence, the static heads, Lai and Lfc2, may be readily trans- 
lated into terms of pressure. Thus, if Lai =40 ft., then the pressure on 
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AB = 0.433 X 40 - 17.32 ft. per eg. in. If L« = 60 /(., then the 
pressure on XY will be: 0.433 X 60 - 21.65 16. per *g. in. 

Note. — Thb Inijit Static Heads (Ini-bt Prebsurbb) for Boiler 
Feed-Pumps (La, Fig. 3) drawing water from open fe«d-water heaters 
should, m order to secure satisfactory service, be from about 1.5 ft. (or 
water at 165 deg. fahr. to about 11.5 ft. for 
water (Fig. 2) at 210 deg. fabr. The pressures 
due to these heads are necesisary to counteract 
the tendency of pumps to become «feam-6ound, 
or filled with vapor from heated water. When 
a reciprocating pump is in this condition, the 
piston traverses the cylinder without producing 
a discharge. The vapor in each end of the cyl- 
inder is compressed during one stroke and re- 
expands during the opposite stroke, while the 
boiler-pressure above the deUvery valves holds 
them seated. 



FiQ. 4.— miutnting statio B. The Head Or Pressure Due To A 
H<«dOfALiquid. Column Of Water May Be Converted 
Into Equivalent Terms Of Unit Pressure by the following 
formula: 

(1) P = 0.433La = 23? (pounds per square inch) 

Wherein P = pressure, in pounds per square inch. L\ = 
static head, in feet. 

ElxAUPLE. — A direct-acting steam pump (Fig. 1) is discharging into 
an open tank. What is the pressure, due to the discharge head, on the 
discharge-end of the pump-plunger if the vertical distance from the 
horizontal axis at the pump-cyUnder to the level of the water in the tank 
is 25 feet? 

Solution.— By For. (1) P = ti/2.31 = 25 •*• 2.31 = 10.8 ft. per 



6. A Pump Must Overcome Certain Resistances And 
Pressings in delivering water or other liquids. The following 
must be considered in calculations: 

(1) Velocity head or velocity pressure, which is the head or 
pressure required to set the liquid in motion and give it the 
velocity which it will have at the final stage of its movement. 

(2) Friction head or friction pressure, which is the resistance 
head or pressure required to overcome the resistance due to 
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the friction between the liquid and the surfaces of the pipes, 
fittings, valves and pump-passages through which it flows. 

(3) Measured head or measured pressure, which is the vertical 
height, or the equivalent pressure due to this height, from a 
lower to a higher plane in the pumping system. The lower 
plane may be the surface of a cooling pond. The higher plane 
may be the center of the mouth of the discharge pipe which 
conveys the water into a tank. 

Note. — The Dynamic Heap Or Pressure is the sum of the velocity- 
head and friction-head. 

7. The Velocity Of A Liquid In A Pipe Must Be Produced 
By Pressure. The pressure may be thought of as the pressure 
which is produced (Sec. 5) by a vertical column of the liquid. 
K friction and all other resistances are neglected, the velocity 
produced by a certain head will be equivalent to the velocity 
attained by a falling body which descends a distance equal 
to the head. See also Div. 4. • It can be shown that: 

(2) i; = '\/2g Lkv (feet per second) 

Wherein v = velocity, in feet per second, g = acceleration 
due to gravity, in feet per second per second = 32.2 approxi- 
mately. Lhv = head necessary to produce the velocity, in 
feet. 

If the velocity is known, the head to which it is due may 
be found by the above formula rearranged: 

(3) Uv = ^g (^^^*) 

Note. — ^As the velocity is often small, the hydraulic head necessary 
to produce it will be small. It is, therefore, often neglected. See 
following sections and examples. 

Example. — What velocity will result from a head of 60 ft. of water 
when all the head is available for imparting velocity to the water? 
Solution. — By For. (2) v = y/2gLhv = V2 X 32.2 X 60 = 66.7 
ft, per sec. 

Example. — What velocity head must a pmnp produce if it is to dis- 
charge a liquid at a velocity of 10 ft. per sec. ? Soltttion. — By For. (3) : 
La, » v»/2g = (10)« -^ (2 X 32.2) = 1.68 /«. 

8. The Friction-Head On A Pump may be necessary for 
overcoming the following resistances: (1) The friction (Tables 
14 and 15) due to the flow of a liquid through straight piper. 
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(2) The friction of the liquid ejUering {Figs. 5, 6, and 7) the 
suction or inlet pipe. (3) The friction due to the flow through 
the pump-vaU)es and passages within the pump. (4) The fric- 




Fio. 8. — Pump Soatiaii- Fio. 6.— Pump Sucticra- Fio, 7.— Funneled Ead Of 
Pip* With Square En- Pipe With Strainer, Pump SucUon-Pipe. 

tion due to the flow (Figs. 8, 9, and 10) through pipe-fittings; 
this resistance is caused by the change of direction of the 
flow, and by the roughness of the fittings. (5) The friction due 
to flow through valves in the piping; with gate valves this resist- 
ance is negligible. 




Fia. 8. — Turn In Pump S 

Pipini Made With Lone- Pipios Made With Elbow 
ItadiuB Bend. Having A Radius Equal 

To Pipe-Diameter. 



With Plugged Te«. 



NoTB. — The head due to friction of the water entering the auction 
pipe is called the entrance-head. 

9. The Total Frlctioa-Head On A Pump is the sum of the 

resistances enumerated in Sec. 8. It may be expressed by the 
following formula: 



Sec. 10] PUMP CALCULATIONS 7 

(4) i»/r = I-wp + L»/i + t*// + i*/, + U/, (feet) 

Wherein Li/r = the total friction head, in feet. L»/p = 
the friction-head, in feet, due to flow through straight runs 
of suction and discharge piping. Lk/i = the friction-head, 
in feet, due to the inlet flow, t*// = the friction-head, in 
feet, due to pipe-flttinga which change the direction of the 
flow. Litf, = the friction-head, in feet, due to valves in the 
piping. La/„ = friction-head, in feet, due to flow through 
passages and valves in pumps. 

10. The Measured Heads !□ Pump Operation, Lb\ in 
Fig. 11 (see Sec. 6 for definition of Measured Head) com- 



Fia. II. — Illustrmting Usetul Pump-Work. 

prise the following: (1) The stiction4ift of the v>ater. The 
height of this lift is (I.*™, Fig. 11) from the level of the dis- 
charge valve seat to the surface of the suction-water. (2) 
The delivery-lift of the water. This {L\„d, Fig. 11) is mea- 
sured from the level of the seat of the discharge valve to the 
center of the outlet orifice of the delivery pipe, where the water 
issues horizontally from the pipe and falls by gravity. Or 
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(Fig. 11) it is measured from the level of the discharge valve 
seat to the level of the water above the discharge orifice, 
where the outlet end of the pipe is submerged. (3) The 
head dwe to pressure, above atmospheric pressure, on the liquid 
in the vessel into which the delivery-pipe discharges. If water 
id being delivered to a boiler, this head is equivalent to the 
steam-gage pressure in the boiler. 

Note. — The Spction Lift Of A Cbntrifdgal Pump is measured 
from the level of the water in the well to the center of the impeller. 



Noni, — When suction pipes are laid underground, in trenches, care 
should be exercised to run them in a shghtly declining straight line 
toward the source of Bupply. High places or hummocks (Fig. 12) in 



Fio. 13.— Suction Well Sup[Ji«d Tiiumgh loUke Tipe. 

the suction Une afford pockets for the accumulation of air. Such air- 
pockets reduce the effective area of the pipe and cut down the water 
supply to the pump. 



Sec. 11] PUMP CALCULATIONS 9 

Note. — When the distance from a pump to a natural source of suction- 
supply, as a pond, lake, or stream, exceeds about 100 ft., it is advisable 
(Fig. 13) to sink a suction-well close to the pump. The intake-pipe 
should then incline toward the well. 



11. The Total Measured Head On A Pump is the sum of 

the measured heads enumerated in Sec. 10. It may be ex- 
pressed by the following formula: 

(5) LhmT = Lhma + Lhmd + Lhmp (f Cet) 

Wherein LhmT = the total measured head, in feet. L*«, = 
the measured head, in feet, due to suction-lift. Lhmd = the 
measured head, in feet, due to delivery-lift. Lhmp = the 
measured head, in feet, due to steam, compressed air, or other 
fluid pressure in the vessel into which the delivery-pipe dis- 
charges. If the delivery pipe discharges freely into the 
atmosphere, then Lhmp is zero. 

12. The Total Head On A Pump is the sum of: the velocity- 
head (Sec. 7), the total friction-head (Sec. 9) and the total 
measured-head (Sec. 11). It may be expressed by the following 
formula: 

(6) LhT = Lhv + Lh/T + LhmT (feet) 

Wherein Lhr = the total head, in feet. Lhv = the velocity- 
head, in feet. Lh/r = the total friction-head, in feet. Lhmr = 
the total measured-head, in feet. 

13. The Friction Of Water In Straight Pipes Is Difficult 
To Determine Definitely In All Cases. — The smoothness of 
the pipe-surface, the length of time the piping has been in 
service, the size of the pipe, and the nature of the substances 
with which it may be scaled or coated internally, are the 
principal determining factors. These factors may vary 
widely, in individual cases, from working standards which are 
based upon experimental data. 

Note. — The data given herein (Tables 14 and 15) are for new pipe. 
When the pipe is very rou^, or is old and rough, the actual values may 
be greater than those shown. In such cases, the resistance due to 
friction can be determined only by tests. 
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ExAMPLB.— A puinp (Fig. 14) draws 1050 gal, of water per min. from 
a pond and delivers it, straightaway, through 1,020 ft. of new 6-iii. ateel 
pipe. What pressure is required to force the water against the frictional 
resistance of the pipe? What additional pressure ie required to impart 
the necessary velocity of flow in the delivery pipe? 

SonmoN. — By Table 1'4 the friction-head per 100 ft. of 6-in, pipe - 
9.5 ft. Hence, the friction-head for tlie given length of 6-in. pipe = 




Fra. 14.— Illustrmting D^very Through Straight Hun Of Kpe. 

1,020 -i- 100 X 9.5 = 96.9 ft. By For. (1), P = 0.433 Lt = 0.433 X 
96.9 ^ 42 lb. per sq. in. 

By Table li,thevdocUy - 11.9 /(. per sec. Hence, by For. (3) Lj>, = 
pV2ff - 11.9' + (2 X 32.2) = 22 /(. By For. (1) P = 0.433 La = 
0.433 X 22 = 9,54 h. per «?. in. This velocity-head is so small that it 
could, in practice, be neglected without appreciable error. 

16. The Heads Necessary To Overcome The Frictional 
Resistance To Water-Flow Through Fittings And Valves 
depend principally upon the ages and the sizes of the fittings 
and valves, and upon the relative amoothness of their sur- 
faces. Approximate values are given in Table 18. 

17. The Frictional Resistance Offered By The Internal 
Passages And Valves Of A Pump is very small. Often it is 
equivalent to a head loss of only 1 ft. The maximum seldom 
exceeds 3 ft. 
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18. Table Showing Approximate Length, In Feet, Of 
Straight, Clean Wrought Iron Or Steel Pipe In Which The 
Frictional-Resistance Is Equivalent To That In The Fittings 
Listed. 



Sise of pipe and fittings, in 
inches 


H 


H 


1 


IH 


W 


2 


2H 


3 


4 


5 


6 






Elbows, go deg. (Fig. 0) 


5 
2 
2 
10 
10 
5 

10 
5 



6 
3 
2 
12 
12 
6 

12 
6 



6 
3 
3 
12 
12 
6 

12 
6 



8 
4 
3 
16 
16 
8 

16 
8 



8 
4 
3 
16 
16 
8 

16 
8 



8 
4 
4 
16 
16 
8 

16 

8 



11 
6 
6 
22 
22 
11 

22 

11 




15 
8 
8 
30 
30 
15 

30 

15 




16 
9 

32 
32 
16 

32 

16 




18 
9 
9 
36 
36 
18 

36 

18 




18 


Glbows. 46 deg 


10 






Long radius bends (Fig. 8) . . . 


10 


Sharp bends (Fig. 10) 


36 


Return bends 


36 






Globe valves 


18 






Strainer or footvalve at 
entrance to suction pipe 
(Fig. 6) 


36 






Square kept entrance to suc- 
tion oioe (P^. 6) 


18 






Funnel end entrance to suc- 
tion dIdc (Fiff. 7) 










Example. — ^A boiler-feed pump delivers 45 gal. of water per min. 
It lifts the water, by suction, through a height (La«, Fig. 15) of 6 ft. 
The suction piping is of 2-in. size. It extends 5 ft. below the surface of 
the water in the suction-well. It runs horizontally for a distance, L, 
of 60 ft. It makes two right>-angled turns, Ti and 7s, by means of plugged 
tees, and one right>-angled turn, J^i, by means of a 90-deg. elbow. The 
water enters the suction-pipe through an orifice, 0, which is formed by 
cutting the pipe squarely across. The deUvery piping is of 1.5^in. size. 
It contains 140 ft. of straight pipe, three 90-deg. elbows, J^s, Ei and Ei, 
one globe check-valve, Vi, and one globe stop-valve, Vt, The vertical 
height, Lhd, of the discharge-lift is 35 ft. The boiler steam-pressure is 
110 lb. per sq. in. What is the total head on the pump? 

Solution. — By Table 14 the velocity in the straight runs of suction- 
piping = 4.6 ft. per sec. Also, the velocity in the straight runs of 
delivery-piping = 7.08 ft. per sec. Hence, by For. (3), Lhv = v*/2g = 
(7.08)« -5- (2 X 32.2) = 0.778 ft = velocUy-head, 

The total length of straight auction'piping = 6 + 6 + 60 = 71 ft. 
By Table 14, the frictiorirhsad due to the straight suction-piping — (71 4- 
100) X 6.8 = 4.118 /<. Also, ^friction-head due to the straight delivery- 
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piping ■• (140 ■*■ 100) X 16.6 = 23.24 ft. Hence, the friction-head due 
to ttraight piping in the compleU system = 4.118 + 23.24 - 27.358 ft. 

By Table 18, the 2-in. straight-pipe egutwotenf of a tvcHon^idet orifice 
formed by a square-cut pipe-end = 8 ft. Hence, the erdrance-head, or 
frvMon-head due to the inUt onfice, = (8 * 100) X 5.8 - 0.4«4 /(. 

By Table 18, the 2-in. straigU-pipe equivoieid of a sharp bend — 16 /(. 
Hence, the friction-head due to (Ae plugged tees, T, and T,, = (16 -5- 100) X 
5.8 X 2 — 1.866 ft. The 1.6-in. and 2-tn. slraight-pipe equivalenis 
of a 90-deg. eBxnn •• 8 ft Hence, the friction-head due to the elbouis, Ei, 
Ei, E,, and £< - (8 + 100) X 5.8 X 4 - l.Sfii /(. The friclion-head 
duetotitenx turns in the -piping i», therefore, 1.866 + 1,856 = 3.712 ft. 

By Table 18, the 1.5^n. atraight-pipe equivalent of a globe-valve = 8/(. 
Hence, the friction-head due to the valtiee V, and V, = {8 -5- 100) X 5.8 X 
2 = 0.928 A 



Tja. IS.— Fump-Hpina Witb IiSrse Rcelrtooce-Heod. 

By Sec. 17, assume loss due to flow through passages and valves in 
chamber = 2 ft. 

By For. (4), the total friction-head = Li,,t = Lk/„ + L,,,i + Lyss + 
Lw. + Lj./. - 27.368 + 0.464 + 3.712 + 0.928 + 2 = 34.462 /(. 

By transposition of For. (1) the stattC'head equivalent of the boiler- 
pressure - it = 2.31 P = 2.31 X 110 - 254.1 /(. Hence, by 

For. (5), the total measured-head = Lj,„r = in™. + t*»j + ii-r = 
6 + 35 + 254.1 = 295.1 /(. 

By For. (6), the total head on the pump = Z.»r = Lk, + Li,/t + 
Lt„T = 0.778 + 34.482 + 295.1 - 330.34/1. 

EXAMPI.E, — A steam pump (Fig. 16) has a suction-lift, Li,,, of 8 ft., and 
a discharge-lift, Lnj, of 82 ft. The suction-piping is of 3-in. size. It 
contains 75 ft. of straight pipe, one long-radius bend, B, and a fuoneled 



Sec. 18] 



PUMP CALCULATIONS 



17 



inlet-orifice, F. The delivery-piping is of 2.5-in. size. It contains 
517 ft. of straight pipe, two 90-deg. elbows, Ei and Et, and one globe 
valve, V, It is assumed that the head necessary to impart velocity to 
the water is (Note subjoined to Sec. 7) practically negligible. In 
practice the velocity head is, usually, practically zero. It is also assumed 
that a resistance » to 2 ft. is offered to the flow through the valves and 
passages of the pump itself. The pump discharges into an open reservor. 
It is capable of operating against a total head which is equivalent to a 
pressure of 85 lb. per sq. in. What is the maximum average-rate, 
in gals., per min., at which the pump can deliver the water through this 
system. 



/ 




s c: 
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**I«v«/ cf Dischargt 



Sucfhn , i 

UfU "--Lhs-8ft. 
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Fig. 16. — Pump-Piping With Small Resistance-Head. 

Solution. — ^First, find the equivalent frictional resistances of the 
fittings in both the suction piping and the discharge piping and reduce all 
to the basis of 3-in. piping as explained below: By Table 18, the 3^'n. 
straighJtnpipe equivalent of the long-radius hend, B, =8 ft. Also, the 
straight-pipe equivalent of the funneled inlet-orifice, F, = 0.0 ft. Hence, 
the frictional resistance in the complete 3 in. suction-piping is that which 
wovld occur in a straight run o/ 75 + 8 = 83 ft. of 3-in. pipe. 

By Table 18, the 2.5-in. straight-pipe equivalent of the two 90-(ieflr. elhows. 
El and E2, = (11 X 2) =22 ft. Also, the straight-pipe equivalent of the 
glohe^alvCy V, = 11 ft. Hence, the frictional resistance in the complete 
2.5-in. delivery-piping is that which would occur in a straight run of (517 + 
22 + 11 + 2) = 562 ft. of 2.5-in. pipe. 

Now by comparing the Friction-Head values for "23^-/rkj^ Pipe" 
and for ^*S-Inch Pipe" from Table 14, it will be found that, pn the average, 
2yi-m. pipe offers 2.4 times as much frictional resistance for the same 
flow, in gallons per minute, as does 3-in. pipe. Hence, the frictional 
resistance in the entire piping system is equivalent to that which wovld occur 
in a straight run of: 83 -f- (552 X 2.4) = 1408 ft. of 3-in. pipe. 
2 
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By For. (5), the total measured headj LkmT = L«a« + Lmhd = 
8 + 82 ^90 ft. 

By transposition of For. (1), ^ total static head developed by the pump 
which is equivalent to a pressure of 86 lb. per sq. in. = L* = 2.3 IP = 
2.31 X 85 = 196.35 ft 

Hence, the head which remains or which is available for overcoming the 
frictional resistance of the entire pumping system, that is, the frictional 
resistance or head of 1408 ft. of 3-in. pipe = 196.35 - 90 » 106.35 ft 
Stating this in friction head per 100 ft. of straight pipe: (106.35 -r- 1408) 
X 100 = 7.55 ft. friction head per lOO-fL length of 3-in. pipe. 

By Table 14, the flow corresponding to a frictiovr-head of 7.72 ft. per 
100-/<. length of 3-in. pipe = 150 gal. per min. Hence, the flow corre- 
sponding to a friction head of 7.55 ft, per 100-/^. length of 3-4n. pipe iSj 
approximately: (7.55 X 150) -5- 7.72 = 146.7 gal. per min. = the maxi- 
mum average rale of delivery. 

19. The Proper Sizes For The Suction Or Discharge Pipe 
Of Any Pump may be computed with the following formula, 
the derivation of which is given below: 



(7) di = 4.95 J^ (inches) 

Wherein, d, = actual internal diameter of suction — or dis- 
charge — pipe, in inches. Fy« = amount of water to be pumped, 
in gallons per minute. Vm = average velocity of flow, in 
feet per minute. 

Note. — Transposing the above there results: 

(8) Vm = — ' "^ (feet per min.) 

a j 

(9) y^m = ^ = 0.004 d^^ (gallons per min.) 

Dbrivation. — Since, Vc/, the amount of water to he pumped in cubic 
feet per minute = (^4 /, the cross-sectional area of the suction or discharge 
pipe, in square feet) X (vm, the allowable velocity of flow, infect per minute), 
it follows that: 

(10) Vcf = A/Vtn = ^ ( j^j Vm = ^5^ (cu. ft. per min.) 
Also, since 1 cu. ft. = 7.48 gal: 

(11) Vcf = =-|g (cu. ft. per min.) 



Now, equating (10) and (11): 
(12) 



Vom Trdih)m 



7.48 576 
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Then, solving for ck: 



(13) 



di = 4.95 






(inches) 



Dtscharofe 
Oi/ffet. 



Example. — ^A simple direct-acting steam pump is required to deliver 
800 gals, of water per min. What should be the diameter of the suction 
pipe if the allowable flow velocity in it (See Sec. 52) is 200 ft. per min. 7 
What should be the diameter of the discharge pipe if the allowable flow 
velocity in i is 400 ft. per min.? Solu tion. — For he suction pipe 
by For. (7), ck = 4.95V'TW«J^ = 4.95 V 800 -^ 200 = 9.9 in., or, practi- 
cally, a 10-in. internal-diameter pipe. For the discharge pipe: ck » 
4.95\/800/400 = 6.98 in, or, practically, a 7-in. internal-diameter pipe. 

20. The Displacement Of A 
Reciprocating Pump is the vol- 
ume of space (Fig. 17) swept 
through by the piston or plunger 
in a definite interval of time. 
Assuming the pump-cylinder to 
be full of water at the beginning 
of each stroke, the displacement 
is equal to the volume of water 
which is driven out of the cylinder 
during the given time-mterval. 

Note. — ^The displacement of a pump 
may be es^pressed in cubic feet, pounds or 
gaUona per minute, 

^ Suction 

21. The Displacement Of Any 
Piston Or Plunger Pump Per fig. ir.— showing volume of 
Minute may be found by the f ol- l^ ^^^p* through in One 

. "^ " stroke Of Piston. 

lowing formulae: 

(14) Vef = ^rrcto (cubic fcct per min.) 



Dkpfofcement 
fOf One Stroke 




(15) 
(16) 



" 1728 
W„ = LAN.Di 



LAN , 
231 



(pounds per min) 
(gallons per min) 



Wherein Vef = displacement in cubic feet per minute. Wu, 
= displacement in pounds per minute. Vom = displacement 
in gallons per minute. L = length of stroke in inches. A = 
effective area of piston or plunger, in square inches. N, = 
number of strokes per minute. Di = density of Uquid to be 
pumped in pounds per cubic inch. 
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Note. — The E ffkciive Plunger Ob Piston Abxa of an outside- 
end-packed plunger (Fig. IS) in a direct-acting steam-pump is the 
crosa-aectional area of the plunger. Of a center-packed (Fig. 19) or 
inaide-packed {Fig. 20) plunger, or of a piston (Fig. 17), it ia the cross- 



sectional area of the plunger or piston minus one-half the cross-sectional 
area of the piston- or plunger-rod. 

Example. — What is the displacement, in cubic feet per minute, of an 
outside center-packed dupkx pump (Fig. 19), if: the plunger-diameter 
is IS in., the plunger-rod diameter is 3 in., the length of stroke is 24 in., 







and each of the 2 plungers (this being a duplex pump) makes 50 strokes 
per min.? Solution. — By preceding Note, the effective plunger area = 
(18' X 0.7854) - (3^ X 0.7854 ■§- 2} = 250.8 sq. in. Now, substitute 
in For. (14): V„ = tdJV./1728 = 24 X 250.8 X 50 X 2 -{■ 1728 = 
348.5 at. ft. per min. 
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22. Pump-Slip is the return of water, or ofeher liquid, 
through the valves of a pump while the valves (Fig. 21) are in 
the act of closing. It may also occur by leakage past 
the pieton or plunger from the discharge-end to the 
suction-end while the pump is making a stroke. It is, there- 
fore, the difference between the displacement or theoretical 
discharge of a pump and the actital discharge. It is commonly 
expressed as a percentage of the displacement. 

Note. — Average Values Or Pump- r,.:.. .>.,.... 

Sup, for good pumps, range from 3 to 
6 per cent. The slip of a new pump 
seldom exceeds 2 per cent. Where 
conditions are adverse, the slip may 
be as great as 10 or 15 per cent. For 
pumps which handle large volumes of 
water, slips as low as J^ per cent, 
have been recorded. 

Note. — Pump-Slip Mat Be Neoa- 
TivE. That is, the actual discharge 
may be greater than the theoretical 
discharge. This may occur it the 
suction-lift is very low, and the 

suction- and discharge-lines run hori- Fio. 21.— How Pump-Slip Occnra. 
zontally for considerable diatances. 

The momentum of the moving column (Sec. 66} may .then cause the 
suction water to surge into the cylinder with such force as to produce a 
considerable leakage through the discharge valves at the suction end. 

23. Veiy High Piston-Speed May Cause Excessive Pump- 
Slip. — When the piston reaches the end of a stroke, a space of 
time must elapse while the open valves (Fig, 21) are descending 
and making £rm contact with their seats. But, during this 
interval, the piston starts on the opposite stroke. Some of the 
water that was discharged during the preceding stroke then 
flows in behind the piston through the imperfectly seated dis- 
charge valves. Admission of a full cylinder of water through 
the suction valves is thus prevented. Coincidentally, some 
of the water ahead of the piston slips by the suction valves and 
passes back into the suction chamber. 

34, The Percentage Of Pump-Slip May be computed by the 
following formula : 

(17) ^, ioo(y,-y.) (^^^^^y 



22 STEAM POWER PLANT AUXILIARIES [Div. 1 

Wherein X- — per cent, of slip. Vc/ = displacement in cubic 

feet per minute. Va= actual discharge in cubic feet per minute. 
ExAMPLB. — The displacement of a pump is 386.85 cu. ft. per min. 
The pump delivers 372.4 cu. ft. of water per min. What is the slip? 
Solution.— By For. (17), X = [100(7^/ - F«)l -5- Vc/ = [100 X 
(386.86 - 372.4)1 -5- 386.85 = 3.74 per cent, 

26. The Volumetric Efficiency Of A Pump is the ratio of the 
volume of water actually delivered by the pump to the dis- 
placement of the pump. It may be computed by the following 
formula: 

(18) E, = ^^^ (per cent.) 

Wherein E, = the volumetric efficiency, in per cent. Va = 
the actual discharge, in cubic feet per minute. Vc/ = the 
theoretical discharge, or the displacement, in cubic feet per 
minute. 

Note. — Volumetric eflficiency and pump-slip are closely related. 
Thus, pump-slip = 1 - volumetric efficiency. Pump-slip may vary from 
0.5 per cent, to 15 per cent. Hence, the volumetric eflficiency may 
correspondingly vary from 99.5 per cent, to about 85 per cent. Pump- 
slip exceeding 2 per cent, would indicate either unfavorable operating 
conditions, defective design, or a worn-out condition of the pump. 

26. The Discharge Of A Piston Or Plunger Pump may be 

approximately computed by the following formula: 

(19) Va = Tjf^ — Evd = .r^o Qg (cubic feet per mm.) 

Wherein Va = approximate discharge capacity, in cubic feet 
per minute, dp = diameter of piston or plunger, in inches. 
Lt = the effective piston or plunger travel, in feet per minute. 
Evd = the volumetric efl&ciency, expressed decimally. 

Example. — ^The plunger diameter in a direct acting duplex steam pump 
is 6 in. The stroke is 24 in. Each plunger makes 35 strokes per min. 
What is the discharge when the volumetric efficiency is 92 per cent.? 
Solution. — The total number of strokes per minute, this being a duplex 
pump, = 2 X 35 = 70. By For. (19), Va = dp*LrEt,d/183.35 = [6« X 
(70 X 24 ^ 12) X 0.92] -^ 183.35 = 25.3 cu, ft. per min. 

27. The Requisite Diameter For The Water-End Of A Pump 
Plunger Or Pistoiii when the rates of discharge and plunger or 
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piston travel are given, may be found by the following 
formula: 

(20) dp = -y j^^lf^J' - (inches) 

Wherein dp = the diameter of plunger or piston, in inches. 
Va = the actual discharge, in cubic feet per minute. Lt = 
the effective travel of the plunger or piston, in feet per min- 
ute. Evd = the volumetric eflSciency of the pump, expressed 
decimally. 

Example. — A single direct acting steam pump is required to discharge 
141 gal. of water per min. while running 90 ft. of plunger travel per min. 
If the assumed volumetric efficiency of the pump is 97 per cent., what 
should be the diameter of the plunger? Solution. — A gallon contains 

231 cu. in. By For. (20), dp = Vl83.35F./LrE,d = 

V 183.35 X (141 X 231 h- 1728) -J- (90 X 0.97) = 6.3 in. 

28. The Requisite Steam-Piston Diameter For A Direct- 
Acting Steam Pump may be found by the following formula: 



(21) d, = \j-—p — - (inches) 

Wherein d« = diameter of steam-piston, in inches. A = 
area of water-piston or plunger, in square inches. P„ = total 
head-pressure, in pounds per square inch. P« = steam pres- 
sure, in pounds per square inch. The mechanical efficiency 
(Sec. 41) of the pump is herein assumed as 70 per cent. 

Example. — The requisite diameter of water-piston for a direct-acting 

steam pump is found to be 8 in. The total head-pressure is 200 lb. per 

sq. in. The available steam-pressure is 80 lb. per sq. in. What should be 

the st eam-piston diameter? Soluti on. — By For. (21) d. = \/l.SAPw/P, 

= Vl.8 X 8« X 0.7854 X 200 H- 80 = 15 in. 

Note. — The Plunger- Ob Water-Piston-Size Fob A Duplex 
Pump Is Computed On The Basis of one-half the total quantity of water 
to be delivered, and upon the rate of travel of one piston. 

Note. — ^The Piston-Speed Op A Direct-Acting Steam-Pump should 
be gaged according to the size of the pump. In large- and medium-sized 
pumps for general service, it should not exceed about 100 ft. per min. 
In small pumps, with strokes of from about 3 to 9 in., the piston travel 
should range from about 40 to 75 ft. per min. 
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29. To Compute The Average Velocity Of Flow Through 
The Discharge Pipe Of Any Reciprocating Pump, the following 
formula may be used. Slip is disregarded. 

(22) Vm = ^2^ (feet per minute) 

Wherein, Vm = the average velocity of flow through the dis- 
charge pipe, in feet per minute, dp = diameter of water piston, 
in inches. d» = actual internal diameter of discharge-pipe, in 
inches. Lt = effective piston travel, in feet per minute; for a 
double-acting pump, Lt = feet which the piston travels in a 
minute; for a single-acting pump, Lt = {feet which the piston 
travels in a minute) -^2. 

Example. — The water-piston diameter in a direct-acting (double- 
acting) steam pump is 33^ in. The discharge-pipe internal diam. is 
1^ in. The piston travel is 100 ft. per min. What is the average 
\6elocity of water flow in the discharge pipe? Solution. — By For. (22): 
Vm = d^vLrldi^ = 3.5 X 3.5 X 100 -^ (1.5 X 1.5) = 544 /«. v^ min, 

30. The Net Work Of A Pump is the quantity of work 
which is theoretically necessary to elevate the water or other 
Uquid from the suction-level to the discharge-level. That is, 
it is the work performed in overcoming the total measured 
head, L^mT For. (5). 

31. The Net Work Performed By A Pump May Be Com- 
puted by the following formula: 

(23) Wu = WL^^r (foot-pounds) 

Wherein Wu = net work in foot-pounds. W = weight of 
water or other liquid pumped, in pounds. L^mr = the total 
measured head (Sec. 11), in feet = vertical height, in feet, 
from level of suction supply to discharge level. 

Example. — A pump lifts 14,620 lb. of water from a pond and de- 
livers it to a reservoir. The vertical distance between the suction- and 
discharge-levels is 41 ft. What is the net pump- work? Solution. — By 
For. (23), Wu = WLfc^r = 14,620 X 41 = 599,420 /«. Vb. 

32. The Actual Work Of A Pump includes, in addition to the 
net work (Sec. 30), all of the work performed in overcoming 
frictional resistances and in imparting velocity to the liquid. 
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Fia. 22. — Indicator Diagram From Steam-Cyl- 
inder Of Direct-Acting Steam-Pump. 



The frictional resistances include, besides the water-friction 
in the suction- and discharge-pipes and in the pump passages, 
the mechanical friction between the moving parts of the pump- 
ing mechanism. 

33. The Rate At Which A Pump Does Work May Be 
Expressed In Terms Of Horse Power. — The total horse 
power developed in the 
steam-cylinders of steam- 
pumps may be computed 
from indicator diagrams 
(Fig. 22) taken from the 
steam-cylinders. The total 
horse power developed in 
the water-cylinders of re- 
ciprocating pumps of all 
types may be computed from indicator diagrams (Fig. 23) 
taken from the water-cylinders. 

Explanation. — In the pump diagram (Fig. 23) the total height, 
LhT, indicates, to the scale of the diagram, the total head. For. (6), on 
the pump; this is called the indicated head. The heights Lkms and Lhmd 
indicate, respectively, the measured suction head, Lhm» of For. (5), and 
the measured deUvery head, Lhmd) For. (5). The heights s and d indicate, 
respectively, the friction heads on the suction and delivery sides of the 

pump. That is, « + d indicates 
the total friction head, Lh/t of For. 

Mea.5ureol (4). The SUm La„, + Lkmd + d 

comprises the uaefid head on the 
pump. The velocity head is 
herein considered as being so 
small that it may be neglected. 
All of these heads are expressed 
(Sec. 5) in pounds per square inch. 

34. The Hydraulic Or 
^ „o T .. . r.. T, Water Horse Power Devel- 

Fia. 23. — Indicator DiagramFrom j** at^ • i_ 

Water-CyHnder Of Reciprocating Pump. Oped By A Pump IS the USe- 
(Velocity head is hereon neglected.) f^I Y^q^^q power developed in 

the pump cylinder as computed upon a basis which comprises 
the actual weight of water discharged and the total useful head. 
It may be expressed by the following formula: 

(24) P..P = '^^ (horse power) 
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■Wherein Pmp = the theoretical hydraulic horse power. 
W[„ = the weight of liquid pumped, in pounde per minute. 
Liu = the total useful head, in feet, = the head, in feet, corre- 
sponding to the gage-pressure (Fig. 24) at the pump discharge 
nozzle + the head due to the height of the dischai^e nozzle 
above the level of the source of suction supply. 

Example. — A direct-acting steam-pump 
moves 4,160 lb. of wftl«r per min. against 
a total useful head of 36 ft. What is the 
net horse power developed? Solution. — 
By For. (24), ?.,„ = W,,J.*„/33000 = 4160 
X 36 -r 33000 = 4.5 h.p. 

36. The Indicated EfiSciency Of A 
Reciprocating Pump is the ratio, ex- 
pressed as a per cent., of the net useful 
horse power (Sec. 34) to the horse 
power computed (Sec. 39) from the 
pump indicator diagram (Fig. 23). It 
may be expressed by formula: 

(25) E( = ^^^ (per cent.) 

y„kp 

Fio. 24.— PompShowiiii4o Wherein Ei = the indicated efficiency, 

Lb. Per sq. In. GagB Pr«ure in per cent. P^np = the useful horse 

power (Sec. 34). P^ip = the horse 

power, as computed (Sec. 39) from the pump indicator 

diagram (Fig. 23). 

Note.— 'The indicated efficiency of a pump is a criterion of the aum 
total of hydraulic losses, or of the losses occurring solely in the watcr^end. 

Example. — A reciprocating plunger pump moves 5910 lb. of water 
gainst a total useful head of 61 ft. The hydraulic horse power 
developed, as computed from an indicator diagram, ia 12.14. What is 
the indicated efficiency? Solution. — By For. (24), the useful horse power 
= P-Sp = W,«t»„/33,000 = 5910 X 61 -^ 33,000 = 10.93 h.p. By For. 
(25), the indicated efficiency » Ej = 100 "P^p/Pahp = 100 X 10.93 + 
12,14 = 90 per cent. 

36. The Hydraulic Losses Of A Pump are defined as those 
losses in hydraulic pressure (or head) which occur in the 
suction pipe and in the pump itself. They comprise pressure 
equivalents of the losses in head due to: (1) The Fassaos 
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Oag« For Inc/korHnof 
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Of The Water From The Well Or Other Supply Source, 
Through The Suction Pipe And Pump, To The Point 
Where The Discharge Gage (D, Fig. 25) Is Connected; 
these consist of: (a) suction-pipe entrance loss, (b) suction-jripe 
and pump velocity loss, (e) suction-pipe friction loss, (d) losses 
in suction-pipe bends and connections, (e) friction loss in 
passing through pump sv^:- 

tion valves, (f ) friction hss ^ ^^ ^^^^.^ /\ 
in passing through pump 
discharge valves. (2) The 
Pressure Necessary To 
Overcome The Reaction 
Of The Springs Of The 
Discharge Valves. The 
pressure lost due to losses 
under (1) and (2) will each 
be equivalent to about J^ 
per cent, of the total dis- 
charge pressure, giving a 
total hydraulic loss of 

about 1 per cent. Fiq. 25.— Duplex Flre-Pump With Dis- 

charge And Suction Gages Attached. De- 
Note. — In commercial pump signed To Run From 150 To 250 Ft. Of Piston 

tests and computations, it is, as '^^^^ ^^^ ^^''' S*«*°^ CyUnders. u-in. 
above indicated, ordinarily un- 
derstood that the hydraulic 
losses in the suction pipe are to be included with the losses in the pump 
itself. From a theoretical standpoint, this is incorrect. But the pump 
manufacturers accept this practice because it simplifies testing and 
guarantees. In any case, the true suction-pipe losses are very small 
and will be practically the same for all pumps which are doing the same 
work. On the other hand, the discharge-pipe losses are never included 
in the hydrauUc losses of a pump. 

37. The Hydraulic Efficiency Of A Pump may be expressed 
as a percentage by the formula: 

100 P 

^ P + the hydraulic losses 

Wherein: Ea = the hydraulic efficiency, in per cent. 
P = [pressure as read on discharge gage (D, Fig. 25) in 
lb. per sq. in., when pump is delivering the quantity of water 
at which it is desired to determine Ea] + [0.433 X (distance in 
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feet from discharge gage to surface of water in well)]. The 
hydraulic losses are as enumerated above; they may be 
obtained as explained in the following note. 

Note. — The Necessaby Data To Determine The HTDRAuiiic 
Efficiency of a, given pump may be secured io the following manner: 
Ad indicator is attached to the water cylinder and the pump driven at 
such a speed and the discharge valve is so throttled that the T!'^'''P ™'U 
dehver that quantity of water at which the hydraulic efficiency is de- 
sired. The discharge valve must be located on the discharge side of 
gage D and some distance away from it. 
Hydraulic indicator cards (Fig. 26) are then 
taken, and at the instant the card is taken the 
discharge gage (D, Fig. 25) is read. Compute P 
as above indicated, and lay off this pressure (line 
AB, Fig. 28) to the scale of the indicator card, 
meafiuring downward from the top of the indi- 
cator card as shown in Fig. 26. The remainder 
Of of the distance, BC, is, t« the scale of the indi- 
inc cator card, the hydraulic losses, that is the pressure 
Total Hydraulic Louee. required to Overcome the losses. 

38. The Usual Practice In Determining The Load On A 
Pump is to attach a pressure-gage to the discharge-pipe, 
D {Fig. 25), and to the intake-pipe, S (Fig. 25), a gage which 
indicates both vacua, or pressures below atmospheric, and 
pressures above atmospheric. Then, if the pump lifts the 
water, the suction-^ge, 5, will indicate a pressure less than 
atmospheric. But if the water flows, under a head, to the 
intake of the pump, the intake-gage, S, will indicate a pressure 
greater than atmospheric. If S indicates a pressure less than 
atmospheric, the net gage-pressure is found by adding, to the 
pressure per square inch shown by the discharge-gage D, the 
pressure per square inch which corresponds to the vacuum, 
in inches, shown by the intake gage, 5. If iS indicates a 
pressure above atmospheric, the net gage-pressure is then 
found by subtracting, from the pressure per square inch 
shown by the dischai^e-^age, D, the pressure per square inch 
above atmospheric, which is shown by the intake^age, S. 
The load on the pump, in pounds per square inch, is then 
equal to the net gage-pressure plus the pressure which is due 
to the hydrostatic head, Lh„ (Fig. 25), between the points of 
attachment of the gages. 
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Example. — If the discharge-gage, Z), (Fig. 25) shows 41 lb. per sq. 
in., and the intake-gage, S, shows a vacuum corresponding to a reduc- 
tion of 3 lb. per sq. in. below normal atmospheric pressure, then the 
net gage-pressure is 41 -|- 3 = 44 H). per sq. in. And if the vertical 
height, Lhmt ^ ^ f^*> ^^^^ ^^^ pressure against which the pump works = 
44 + (5 X 0.433) — 46.1 fi). per sq. in. But if the intake-gage shows a 
pressure of 3 lb. above normal atmospheric pressure, then the pressure 
against which the pump works = [41 — 3] + [5 X 0.433] = 40.1 W. per 
sq. in. 

Note. — Conversion Op A Vacxtxtm Reading In Inches Op Mer- 
cury To Terms Op Pounds Per Square Ii^ch may be done by multi- 
plying the reading in inches by 0.4914, or, in practice by 0.49. 

Example. — If the-intake-gage, 5, (Fig. 25), shows a vacuum of 5 in., 
the difference between normal atmospheric pressure and the pressure in the 
intake-pipe = 5 X 0.49 = 2.25 16. per sq. in. 

39. The Actual Or Indicated Hydraulic- or Water-Horse- 
Power Developed By A Pump is the total horsepower devel- 
oped in the pump cylinder, as computed upon a basis of the 
mean pressure throughout the discharge stroke of the pump 
plunger. The mean pressure is obtained from an indicator 
diagram (Fig. 23) taken during a double stroke of the pump 
plunger. The hydraulic horsepower computed upon this 
basis includes the power expended in overcoming all resistance 
due to water-friction from the inlet orifice of the suction pipe to 
the outlet orifice of the discharge pipe. The indicated hydraulic 
horsepower may be expressed by the following formula: 

(27) P«,Ap = {H.P.)i = gg^QQQ* (horsepower) 

Wherein Pu,hp = the actual hydraulic horsepower. P = the 
load on the pump, Sec. 38, in pounds per square inch, which 
may be computed from the indicator diagram. L/ = the 
length of the stroke, in feet; A = the area of the plunger, in 
square inches. Ng = the number of strokes per minute. 

40. The Total Driving Horse Power Developed By A 
Steam Pump Or Delivered To A Power Pump includes the 
actual hydraulic horsepower (Sec. 39) plus the horsepower 
required to overcome the mechanical or metal-to-metal friction 
in the complete pumping mechanism. In the case of a steam- 
pump, the total driving horse-power will correspond to the 
indicated horse-power, as computed with the aid of indicator 
diagrams (See the author's Steam Engines) which is developed 
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in the steam cylinder or cylinders. In the case of a power 
plunger-pump, or of a centrifugal pump, the total driving 
horsepower will Ibe the horsepower delivered by belt-trans- 
mission, gear-transmission, or by direct motor-connection, to 
the pump pulley, driving-shaft or spindle. 

41. The Mechanical Efficiency Of A Reciprocating Pump 
is the ratio, expressed as a per cent., of the indicated hydraulic 
horsepower (Sec. 39) to the driving horsepower. The hydrau- 
Uc horsepower may be computed from (Fig. 23) a pump indica- 
tor diagram. The driving horsepower of a steam-driven 
pump may be computed from (Fig. 22) a steam indicator 
diagram. In the case of a power pump (Fig. 24) the driving 
horsepower is the total horsepower dehvered to the pump by 
belt, gearing, or direct shaft-connection. The mechanical 
efficiency may be expressed by the following formula: 

(28) E„ = 12^P«^. ^ (p^^ ^^^^ ) 

Wherein £« = the mechanical efficiency, in per cent. Pv>hp 
= the hydraulic horsepower, as computed from the pump 
indicator diagram. Pbhp = the driving horsepower. 

Note. — The mechanical efficiency of a pump is a criterion of the loss 
due to mechanical friction in the mechanism which transmits the driving 
power to the water end of the pump. The higher the mechanical effi- 
ciency the less the mechanical losses in the pump. 

Example. — The hydraulic horsepower of direct-acting steam pump, as 
computed from a pump-indicator diagram is 42.3. The driving horse- 
power, as computed from a steam-indicator diagram, is 49.76. What is 
the mechanical efficiency. Solution. — By For. (28): Em = 100 Pxphp/ 
Pfcfcp = 100 X 42.3 -^ 49.76 = 85 per cent. 

Note. — The Maximum Mechanical Efficiency Obtained With 
Direct-Acting Steam Pumps is about 80 per cent. This efficiency may 
be had with very large pumps. The efficiencies diminish with the sizes 
of the pumps. Very small pumps may give an efficiency of only 50 per 
cent., or even less. 

42. The Total Efficiency Of A Pump Is The Product Of The 
Volumetric, Hydraulic, And Mechanical Efficiencies. It is 

the efficiency which is, ordinarily, specified by the manufacturer 
of the pump. It is a criterion of the pump's overall economy 
in the use of power. It may be expressed by formula: 

(29) E< = ^qqqJ (per cent.) 



Sec. 43] 



PUMP CALCULATIONS 



31 



Wherein E| = the total efficiency, in per cent. Ev = the 
volumetric efficiency, in per cent. Eh = the hydraulic effi- 
ciency, in per cent. Em = the mechanical efficiency, in per 
cent. 

Note. — For a steam-driven pump, the total efficiency recognizes all 
losses — steam, mechanical and hydrauhc — ^from the steam cylinder 
to the water-discharge pipe. For a power-driven pump, the total effi- 
ciency recognizes only the mechanical and hydraulic losses from the 
driven pulley, gear or shaft to the water-discharge pipe. 

43. Total-Efficiency Values For Different Pumps may vary 
widely with the condition and the design of the pump. Cen- 
trifugal pumps may show total efficiencies thus:-100 gal. per 
min., 40 per cent.; 200 gal., 50 per cent.; 300 gal., 60 per cent.; 
400 gal., 65 per cent., 600 gal., 70 per cent.; 800 gal., 85 per 
cent.; 100 gal., 75 per cent.; 1500 gal., 78 per cent. The 
efficiency of a centrifugal pump is also determined largely by 
its speed and capacity. Hence it is always advisable, when 
specific data are required, to obtain guarantees from the 
manufacturers. The total efficiency of a belt- or gear-driven 
power pump may range from about 50 to 80 per cent. 

44. Table Showing Approximate Total Efficiencies Of 
Steam Pumps In Good Condition {Peelers Mining Engineers' 
Handbook). 





Total efficiency in per cent. 


Stroke 


Non- 
condensing 


Compound 

non- 
condensing 


Compound 
condensing 


Triple- 
expansion 
condensing 


4 
6 
8 
10 
12 
15 
18 
24 
36 
48 


21 
26 
30 
34 
37 
40 
43 
47 

• • 

• • 


• • 

26 
30 
34 
37 
40 
43 
47 
50 

• • 


• • 

• • 

• • 

41 
45 
48 
52 
55 
59 
63 


• • 

• • 

50 
54 
58 
62 
66 
70 
74 
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46. The Horsepower Required For Pumping may be com- 
puted by the following formula: 

(30) Pbhp = ggQ g'' (horsepower) 

Wherein Pbhp = the horsepower input required to drive a 
pump against the maximum total head; for a steam pump it is 
the indicated steam horsepower required for the steam end, 
for a power-pump it is the horsepower input required at the 
driving pulley, gear or shaft. W^^ = the weight of water to be 
pumped, in pounds per minute. Lht = the total head on the 
pump, in feet. E^ = the total eflSiciency of the pump, in per 
cent., as defined in Sec 42. 

Example. — It is required to pump 1,205 gal. of water per min. against 
a total head of 450 ft. The total efficiency of the pump which will be 
used is 64 per cent. What horsepower must be supplied to operate the 
pump? Solution. — Since 1 gal. of water weighs 8.3 lb., 1,205 gals, will 
weigh: 1,205 X 8.3 - 10,000 lb. By For. (30); Pwip = WimLht/ZdOEt = 
(10,000 X 450) -^ (330 X 64) = 213 h.p. 

Example. — It is required to pump 10,000 lb. of water per min. against 
a total head of 450 ft. Assuming volumetric and hydraulic efficiencies 
of 98 per cent, each, and a mechanical efficiency of 80 per cent., what 
horsepower must be supplied? 

SoLunoN.— By For. (29), the total efficiency = E* = £»,£*£ w/10,000 = 
98 X 98 X 80 4- 10,000= 77 per cent. By For. (30), the required horse- 
power = Pftftp = WimLkt/SSO Et = (10,000 X 450) -^ (330 X 77) = 177 
h.p. 

46. The Duty Of A Steam Pump is the ratio of the work done 
by the pump to the quantity of coal, steam or heat consumed 
in doing the work. 

47. The Duty Of A Steam Pump On A Basis Of Coal Con- 
sumption may be found by the following formula: 

(31) Dc = ^^^3^*'' (ft. lb. per 100 lb. coal) 

Wherein Dc = duty, foot pounds, per 100 lb. of coal. W = 
weight of liquid pumped, in pounds. Lht = total head on 
pump in feet. Wc = weight of coal consumed in pounds. 

Example. — A steam pump raises 12,900,000 lb. of water against a 
total head (Sec. 12) of 60 feet. The steam supplied to the pump, while 
doing this work, requires the combustion of 2,500 lb. of coal. What is the 
duty? 
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SoLimoN.— By For. (31), De = 100 WLht/^c = 100 X 12,900,000 X 
60 -s- 2,500 = 30,960,000 ft. lb, per 100 ». of coed. 

Note. — Pump-Duty Computed On A Basis Op Coal Consumption 
is of practical use in comparing the merits of two or more steam pumps 
only when the same quality of coal is used in testing all of the pumps. 

48. The Duty Of A Steam Pump On A Basis Of Steam 
Consumption may be computed by the following formula: 

(32) D. = ^QQO^^*^ (ft. lb. per 1000 lb. steam) 

Wherein D, = duty, in foot pounds per 1,000 lb. of dry steam. 
W = weight of water pumped, in pounds. Lht = total 
head on pump in feet. W, = weight of steam consimied, 
in pounds. 

Example. — ^A steam-pump raises 8,765,000 lb. of water against a 
total head of 125 ft. The steam-consumption is 8,315 lb. What is the 
duty? 

Solution.— By For. (32) D. = 1,000 WL^r/W. = 1,000 X 8,765,000 X 
125 -^ 8,315 = 131,764,883 /«. lb. per 1,000 W. of dry steam. 

Note. — Pump-Duty Computed On A Basis Op Steam-Consumption 
may have only an approximate value. This may be due to the difl&culty 
of determining the exact weight of dry steam used. It may also be due to 
variations of steam pressure. A given weight of high-pressure steam 
will do more work in the cylinder than the same weight of compara- 
tively low pressure steam. 

49. The Duty Of A Steam Pump On A Basis Of The Quan- 
tity Of Heat Consumed may be computed by the following 
formula: 

,.o. T^ l,000,000(Pd ±Pi + PD)ALfN. 1 ,000,000 WL;,r 
(66) Dh = jj = jj 

(ft. lb. per 1,000,000 B.t.u.) 

Wherein D* = duty, in foot pounds, per 1,000,000 B.t.u. 
Pd = discharge pressure, in pounds per square inch, as indicated 
by a gage in the discharge pipe. Pi =■ intake pressure, in 
poimds per square inch, as measured from atmospheric pres- 
sure (Sec. 38) by a gage in the intake pipe — to be added if 
negative and to be subtracted if positive. Pd = pressure, in 
pounds per square inch, due to hydrostatic head between 
points of attachment of pressure gages. A = effective area of 
plunger, in square inches. L/ = length of stroke, in feet. N^ 



34 STEAM POWER PLANT AUXILIARIES [Div. 1 

= total number of strokes H = total quantity of heat 
consumed, in British thermal units, as determined by steam 
consumption test; see the author's Steam Engines. 

Note. — Pump-Duty Computed On A Basis Op Heat-Consumption 
is more nearly exact than computations (Sec. 49) on bases of coal- or 
steam-consumption. Since the determining factor is the actual quan- 
tity of heat energy expended in the steam-cylinder, pump-duty figured 
on this basis provides a true criterion of the comparative working effi- 
ciencies of two or more different pumps. This method has been recom- 
mended by the A. S. M. E. 

Example. — A duplex steam-pump has inside-packed plungers of 20- 
in. diameter and 15-in. stroke. The ^ilunger-rods are of 3-in. diameter. 
The total heat in the steam supplied to this pump, during a duty trial, 
was 17,642,400 B.t.u. The pump made, during the trial, 37,264 strokes. 
The average discharge-pressure, as indicated by a gage in the discharge 
pipe, was 96 lb. per sq. in. The average intake-pressure, as indicated 
by a gage in the suction pipe, was 4 lb. per sq. in. below atmospheric 
pressure. The pressure due to the hydrostatic head between the suction- 
and discharge-gages was 3.5 lb. per sq. in. What was the duty? 

Solution.— By For. (33),Da = 1,000,000 (Pj ± Pi + Pd) AL/N./H = 
1,000,000 X (96 + 4 -I- 3.5) X PO* X 0.7854 - (3^ X 0.7854 ^ 2)] X 
(15 -J- 12) X 37,264 -^ 17,642,400 = 84,884,000 ft. lb. per 1,000,000 
B.t.u. 

60. The Miscellaneous Reciprocating-Pump Formulas 

which follow supplement those given previously herein. 
These formulas relate specifically to single-acting simplex 
pumps. The number of strokes per minute = the number of 
pumping strokes per minute = J^ the number of reversals of 
the piston. Where cylinder area is used in the following 
formulas, it means the cross-sectional area of the cylinder 
taken at right angles to the piston rod. 

Note. — In The Event That These Formulas Are Used In Double- 
Acting-Pttmp Computations, the number of working strokes per minute — 
the number of reversals per minute of the piston. Also, in double-acting- 
pump computations, for cylinder area must be substituted [cylinder area — 
{piston-rod area -r 2)]. For {diameter of cylinder)^ must be substituted 
{ (diameter of cylinderY — [(diameter of piston rody t- 2] } . 

(34) Gal. per min. 
__ {Strokes per min.) X (Stroke in in.) (Dia. of water cyl. in in.) ^ 

294 
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Example. — How many gallons of water will be delivered per minute 
by a pump having a water cylinder 8 in. in diameter by 12 in. stroke 
when it is making 100 strokes per minute? Solution. — GaUona per 
minute = (100 X 12 X 8'X 8) -s- 294 = 261 gal. per min. 

(35) Dia. of water cylinder in in. 



= 17.14^ 



Gal. per min 



(Sirokeinin.) X (Strokes per min.) 

Example. — What will be the required water-cylinder diameter to 
pump 200 gal. per min., if the length of stroke is 10 in. and the pump 
makes 120 strokes per min.? Solution. — Diameter of water cylinder 
in inches = 17.14\/(200) + (10 X 120) = 7 in. 

(36) Area of water cylinder in sq. in. 

(231) X (Gal, per min.) 

" (Strokes per min.) X Stroke in in.) 

ElxAMPLE. — What area of water cylinder is required to pump 330 gal. 
per min., if the pump has a 16 in. stroke and makes 80 strokes per min.? 
Solution.— Areo of water cylinder = (231 X 330) -^ (80 X 16) = 59.6 
sq. in. 

(37) Area of water cylinder in sq. in. 

(3.85) X (Gal, per hr.) 

"" (Strokes per min.) X (Stroke in in.) 

Example. — ^A pump has a stroke of 24 in., and makes 50 strokes per 
min. What must be the water-cylinder area if it is to pump 97,920 gal. 
per hr.? Solution. — Area of water cylinder = (3.85 X 97,920) 4- 
(50 X 24) = 314 sq. in. 

(38) Length of stroke in in. 

(231) X (Gal, per min.) 

"" (Strokes per min.) X (Area of water cyl. in sq. in.) 

Example. — What must be the length of stroke of a pump having a 
water-cylinder area of 28.3 sq. in., if it must pump 146 gals, per min. when 
making 120 strokes per minute? Solution. — Length of stroke = (231 X 
146) -^ (120 X 28.3) = 10 in. 

(39) Stroke in in. 

^ (Gal, per hr.) X (4.9) 

"" (Strokes per min.) X (Diam. of water cylinder in in.)^ 

Example. — What will be the required length of stroke to pump 35,251 
gal. per hr. if the pump has a water cylinder 12 in. in diameter and makes 
80 strokes per min.? Solution. — Length of stroke = (35.251 X 4.9) -r 
(80 X 12 X 12) = 15 in. 



X 
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(40) Stroke in in, 

^ {Gal, per min.) X (294) 

~ {Strokes per min.) X {Diam. of water cyl. in in.y 

Example. — What will be the required length of stroke to pump 587 gal. 
per min. if the pump has a water cylinder 12 in. in diameter and makes 
66.6 strokes per min. Solution. — Length of stroke = (587 X 294) -5- 
(66.6 X 12 X 12) = 18 in. 

,A.s o* 1 ' (^^'- P^r hr,) X (3.85) 

(41) Strokes per mm. = j^^f^. — ~ ^^ — . x" /c/ i - - \ 

{Water-cyL area m sq. m.) X {Stroke in in.) 

Example. — How many strokes per minute will a pump have to make 
to pump 8,812 gal. per hr. if it has a water-cylinder area of 28.3 sq. in. 
and a length of stroke of 12 in.? Solution. — Number of strokes = 
(8,812 X 3.85) -i- (28.3 X 12) = 100 per min. 

{Gal. per hr.) X (4.9) 



(42) Strokes per min. = 



{Stroke in in.), X {Dia. of water cyl. in in.) ^ 



Example. — How many strokes per minute will a pump have to make 
to pump 8,812 gal. per hr. if it has a water-cylinder diameter of 6 in. and 
a length of stroke of 12 in.? Solution. — Number of strokes = (8,812 X 
4.9) -5- (12 X 6 X 6) = 100 per min. 

(43) Strokes per min. 

^ {Gal, per min.) X (2 3 1) . 

{Stroke in in.) X {Area of water cyl. in sq. in.) 

Example. — How many strokes must a pump make per minute to 
pump 146 gal. per^in. if it has a water-cyhnder area of 28.3 sq. in. and 
a 10 in. stroke? Solution. — Number of strokes = (146 X 231) -5- 
(10 X 28.3) = 120 per min. 

(44) Water-gage pressure necessary to balance steam-gage 

__ {Steam-gage pressure) {Diam. in in. of steam-cyl.)^ 

^ {Diam. in in. of water-cyl.)^ 

Example. — If a pump has a steam cylinder 5 in. in diameter and a 
water cylinder 3 in. in diameter, what water-gage pressure will be re- 
quired to balance a steam-gage pressure 150 lbs. per sq. in.? Solution. 
— Water-gage pressure = (150 X 5 X 5) -5- (3 X 3) = 416 lbs. per sq. in. 

(45) Steam-gage pressure necessary to balance water-gage 

__ {Water-gage pressure) {Dia. in in. of water cyl^^ 

{Dia. in in. of steam cyl.)^ 

Example. — If the water cylinder of a pump is 8 in. in diameter and 
the steam cyUnder is 12 in. in diameter, what must be the steam-gage 
pressure in order to just balance a water-gage pressure of 130 lbs. per 
sq. in.? Solution. — Steam-gage pressure = (130 X 8 X 8) -r (12 X 12) 
= 57.8 lbs. per sq. in. 
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(46) Area of water cylinder in sq. in. necessary to balance a 
given steam pressure = 

(Area of steam cyl, in sq. in,) X (steam pressure in lbs, per sq, in,) 

(Water pressure in lbs, per sq, in,) 

Example. — ^A pump has a steam-cylinder area of 113.1 sq. in. If the 
steam gage reads 60 lbs. per sq. in. and the water-pressure gage reads 
135 lbs. per sq. in., what must be the area of the water cylinder if the 
piston is just balanced? Solution. — Area of water cylinder « (113.1 X 
60) -^ 135 = 50.25 aq, in. 

(47) Area of steam cylinder in sq. in. necessary to balance a 
given water pressure = 

(Area of water cyl. in sq. in.) X (Water pressure in lbs, per sq, in,) 

(Steam pressure in lbs, per sq. in,) 

Example. — ^A pump has a water-cylinder area of 50.25 sq. in. If the 
water gage shows a pressure of 135 lbs. per sq. in. and the steam gage 
shows a pressure of 60 lbs. per sq. in., what must be the area of the 
steam cylinder if the piston is just balanced? Solution.— *Area oj 
steam cylinder = (50.25 X 135) -8- (60) = 113.1 sq, in, 

QUESTIONS ON DIVISION 1 

» 

I. What oondilioDS govern the height to which water may be lifted by pump-suction? 
What is the practical limit of suction-lift at sea-level? What is the practical limit of 
temperature at which water may be lifted by pump-suction? 

S. What is a static headt What is its significance? 

S. Why should water from an open heater enter the suction-iiosBle of a boiler feed 
pump under a static head? Describe the action that may occur within the pump 
cylinder, if the inlet static-head is insufficient. 

4. Enumerate the three general forms of resistance, or head, which must be overcome 
in pump-operation. Which of these comprise the dynamic headt 

8. What is velocity-headt Friction-headt Meaaured'headt 

C. Enumerate the causes of friction-head. 

7. What is erUrance-headt 

8. If a pump is discharging into the compression-tank of an elevator system, how is 
the head due to the gage-pressure in the tank classified in computations relating to the 
performance of the pump? 

9. What is the total head on a pumpt 

10. Do computations based upon values taken from published tables afford, in all 
cases, accurate criteria of the water-friction in pipes? Why? 

II. What is the ditplaeemerU of a reciprocating pumpt 

IS. What constitutes the effective displacement area of an outside-end-packed 
plunger? Of a center-packed plunger? Of an inside-packed plunger or piston? 

IS. What is pump-elipt Under what circumstances may pump-shp be negative? 

14. Explain the influence of high piston speed on pump-slip. 

18. What is meant by the volumetrie efficiency of a pumpt 

18. What should be the maximum limit of piston-speed for a pump with a 20-in. 
stroke? With a 9-in. stroke? With a 3-in. stroke? 

17. What is meant by the useful work of a pumpt The actu^d toorkt 

18. What is meant by the indicated efficiency of a reciprocating pumpt What losses 
does this efficiency particularly signify? 
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19. What is meant by the hydratUic efficiency of a pumpf 

SO. What constitutes the total head in determining the hydraulic efficiency? 

11. Describe an experimental method of determining the load on a pump. 

12. What is meant by the mechanicdl efficiency of a reciprocating pumpf What loss 
is determined by this efficiency? 

S3. What is meant by the total efficiency of a pumpf What does this efficiency 
signify? 

14. What is meant by the duty of a steam pumpf 

15. What conditions may vitiate the practical significance of pump-duty computed 
on a basis of coal-consumption? On a basis of steam-consumption? 

2C. Wherein lies the practical value of pump-duty computed on a basis of heat- 
consumption? 

PROBLEMS ON DIVISIOK 1 

1. Atmospheric pressure at an altitude of 13,000 ft. above sea-level is approximately 
9 lb. per sq. in. What is the practical suction lift at this elevation? 

1. A direct acting steam pump is lifting water through a height of 11 ft. and dis- 
charging it through an additional height of 19 ft. What is the total static head, ex- 
pressed in terms of pressure? 

3. A boiler feed pump has the water fed to it (Fig. 3) by gravity. It is assumed that 
the inlet head thus produced is wholly expended in filling the pump cylinder with water 
against a tendency of the water, due to its temperature, to vaporize in the cylinder. 
Hence no part of this head is available for balancing an equivalent head on the delivery 
side. The delivery pipe is of l^ in. size. It has a total horizontal length of 115 ft. 
and a vertical length of 38 ft. There are three 90 deg. elbows, two plugged tees and 
two globe valves in the line. The boiler pressure is 150 lb. per sq. in. If about 20 gal. 
of water are delivered per minute, what pressure head will be necessary in the pump 
cylinder? What is the equivalent gage pressure? 

4. If all conditions remain the same as in prob. 3 except that the pipe-size is changed 
to 1 in., how many gallons of water will be delivered? 

8. A direct-acting simplex steam pump is required to deliver 90 cu. ft. of water per 
min. The flow velocity in the suction pipe is assumed to be 210 ft. per min. and in the 
discharge pipe 390 ft. per min. What should be the sizes of the piping for suction and 
discharge? 

C. An outside end-packed duplex plunger pump has plungers of 10 in. diameter. 
The stroke is 20 in. Each plunger makes 65 strokes per min. What, if the pump is 
double acting, is the displacement in cubic feet per minute? 

7. The displacement of a pump is 510 cu. ft. per min. The pump delivers 487 cu. 
ft. of water per min. What is the slip? 

8. What is the volumetric efficiency of the pump of Prob. 7? 

9. The plunger diameter in a direct acting simplex steam pump is 3.5 in. The stroke 
is 6.5 in. When the plunger makes 110 strokes per minute, the volumetric efficiency is 
98 per cent. What is the discharge? 

10. A direct acting duplex steam pump is required to deliver 990 cu. ft. of water per 
hr. while running 100 ft. of piston travel per min. If the volumetric efficiency is 96 
per cent, wjiat should be the water-piston diameter? 

11. The water piston diameter in a direct-acting steam pump is 5 in. The pump 
discharges through a 2 in. pipe. The piston travel is 80 ft. per min. What is the 
velocity of flow in the discharge pipe? 

11. A pump elevates 20,106 lb. of water per minute through a total vertical height 
of 38.5 ft. What net work, in foot pounds, is done in one mihute? 

13. What is the net horse power expended by the pump in Prob. 12? 

14. What is the horse power required for lifting 9,500 lb. of water per minute against 
a useful head of 310 ft. when the total efficiency of the pump is 85 per cent.? 

18. A steam pump elevates 9,000,000 lb. of water against a total useful head of 120 ft. 
The coal consumption of the boilers while furnishing steam for this work is 3,500 lb. 
What is the duty of the pump per 100 lb. of coal? 



DIVISION 2 

DmECT-ACTING STEAM PUMPS 

51. Direct-Acting Steam Pumps For Modem Power-Plant 
Service are (Fig. 27) of the reciprocating double-acting, 
suction type. That is, they are designed to raise water by 
suction from a lower level, and to deliver it during each stroke 
of the moving element (F^. 28) to tanks, boilers, or wherever 
else required. 



Fia. 27,— Wstar-End Of Direct-Acting Sleam-Pimip Having Water-Piston Fitted With 

Explanation. — The movement toward the left of the piston (P-Fig. 
28) as indicated, causes the wat«T in the space S to be forced out through 
the left-hand pair of discharge valves, Yd. Coinci den tally, it creates a 
partial vacuum in the space A. That is, it causes the air pressure in 
the space J to be lowered. This reduction of pressure, per square inch, 
must be equal to, or greater than, the pressure per square inch which is 
imposed by the weight of a column of water of the height Li, of Fig. 1. 
The external atmospheric pressure will then force the water up the suc- 
tion pipe, S, and tJirougb the right-hand pair of suction valves, V,. On 
the return stroke, a partial vacuum is created in the space B. Water 
then enters space B through the left-hand pair of suction valves, while 
the water in A is forced out through the right-hand pair of discharge 
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Nora. — The intake water often flows under preaeure to the suction 
nozzles (Sec. 4) of power-pltmt pumps. The intake pressure may be 
due (Fig. 29) to an elevat«d source <rf supply, or it may be derived from 
street mains. 



62. The Allowable Veloci^ Of Flow In The Water-Piping 
Of A Direct -Actins Steam-P>uinp is: (1) For the intake-pipe, 




30.— OulBide C«nl«-PiM!ked PIun«er-Pum| 



about 200 /(, per min. (2) For the discharge-pipe of a single 
pump, about 400 ft. per min. (3) For the discharge-pipe of a 
duplex pump, about 500 /(. per min. (4) For the centrifugal 
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pump about 600//. per min. in both the discbai^e and suction 
pipes. 




63. Direct-Acting Steam Pvaapa May Be Classified, With 
Reference To Their Water-Ends, as follows: (1) Piston- 
Pumps (Fig. 27). (2) Plunger-Pumps (Fig. 30). The latter 



may be subdivided into : (a) Outside end-packed plunger-pumps 
(Fig. 31). (6) Outside center-packed plunger-pumps (Fig. 30). 
(r) Inside-packed plunger-pumps (Fig. 32). In a piston-pump, 
the piston traverses a hner or barrel (Fig. 33) which is com- 
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monly made of brass. The liner may be secured (Fig. 27) by 
means of a force-fit with the bore of the iron cylinder casting, 
or (Fig. 33) by means of stud-bolts or cap-screws, A tight 
joint between the periphery of the piston and the bqre of the 
liner is obtained (Fig. 33) by means of rings of square fibrous 
packing, or (Fig. 27) by using metal snap-rings. In a plunger- 
. pump either end-packed, center-packed or inside-packed, the 
plungers pass through fibrous — ormetal-packed stuffing-boxes. 

Note. — Piston-Pumps Mat Be Used Against Discharge-Heads 
Up To About 300 Lb. Per Sq. In. (Sec. 38). Difficulty may be had, 
however, in keeping the piston tightly packed if the head-pressure ex- 
ceeds 150 lb. per sq. in. The fact that the packing is stationary in the 



Flo. 34. — MeUl-Pttcked Pump-Piston. Fio, 35.— WatM- Packed Pump-PiBton. 

plunger pumps and that it may be tightened more readily, renders it 
more effective therein than in piston pumps. For low pressures, the 
piston are less expensive than the plunger pumps. 

pLTjNOER-PuMPS Are Commonly Used Against Discharqe-Headb 
Above About 200 Lb. Per Sq. In. For pressures above 300 lb. per sq. 
in., choice of plunger-pumps ae against piston pumps, is practically 
imperative. 

Water-Pistons Packed With Metallic Rinos (Fig. 34) are com- 
monly used in hot-water pumps. Water~packed pistons (Fig. 35) are 
also sometimes used for hot-water service. The packing is afforded by 
the water which becomes pocketed in a series of annular grooves in the 
piston's periphery. 

B4. The Water-Piston Packing In Direct-Acting Steam 
Pumps For Power-Plant Service is generally fibrous. It is 
commonly known as canvas or duck hydraulic-packing. It 
consists mainly of cotton fiber (Fig. 36) interlaid with a 
rubber composition. Its cross-section is square. 
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Note. — Rinqs of Canvas Packino Foh a PnMP-PiaTON should 

(Fig. 36) be cut about 3ia in. short of meeting when inserted (Fig. 37) 
in the cylinder-bore. Also, the joints should be lapped (Fig. 36). This 
packing is commonly made in layers. The layers can (Fig. 38) be peeled 
oS to get rings of suitable width or thickneaa. If the packing is too deep 



to fit the recess around the piston, it may be cut down. A convenient 
and accurate method (Pig. 39) of doing this is by gripping the paclcing 
in a vise and paring it with a sharp drawing knife. The rings should be 
well coated with graphite and cylinder oil. They should be just tight 
enough to require moderate pressure of the fingers to force them into 
the recess around the piston. They may then be forced home (Fig, 



Fta. 38.— A Canvas-Packed Pump Fio. 39— How Depth Ot Csnvas Piaton-Packin* 
Kstoo. May Be Cut Down. 

37) with a stick of soft wood. Rings of canvas paclung may be partially 
expanded to their working size, before inserting them in the piston-recess, 
by soaking them for a few hours in warm water. 

66. The Valves Of Power-Plant Pun^is are generally of the 
poppet-disc type (Figs. 40, 41, 42, and 43), rising vertically 
from flat seats. Conical-seated valves (Fig. 44) are also used. 
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The diBcs (D-Fig. 40) of flat-seated valves are commonly made 
of a composition of rubber with certain other substances. 
They are also made of metal (Fig. 43). Usually a brass cap 




«s. 



— FiBl-Seated Pump- Valve With 




Fill. 43. — Seotional I 



FlQ. M. — Conioal-Seated Pump-ValvB With Bran Dinj. 

or plate (P-Fig. 40) is used to stiffen the rubber disc and 
prevent warping. It also serves to protect the disc from 
the direct thrust of the spring (S-Fig. 40). The discs of 
conical-seated valves (Fig. 44) are generally made of metal. 
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NoTx. — Thb HABDNnas Of Rubber Coupositioit Valvb-Discb should 
be adapted to the special requiremente of the aervice for which the discs 
are intended. The valve-diacs of vacuum pumps should be soft and 
pliable. Such discs are also suitable for pumps working against water 
pressures up to about 75 lb. per sq. in. For pressures from about 76 
to 150 lb. per sq. in., hard rubber composition discs usually give the best 



Fia. 45.— Wmtar-End Of Direot-Aoting 8t«iin-Puinp For HydrBulic-Prewurs Servioac 

service. For pressures from about 150 to 300 lb. per sq. in., specially- 
hard vulcaiiized rubber composition valve-discs generally suffice. Metsl 
valve-discs are required for presBures above about 300 lb. per sq. in. 
The hardness of valve-discs should also depend on the temperature of 

the water pumped. The higher the temperature of the pumped water, 



PolV 

the harder the valve discs should be. Metal valve discs are frequently 
used tor hot-water service. 

The Seats Or Metal-Disc Ptjmp-Valvbs SnonLO Be Op The 
Same Kind Op Metal As The Discs. This is to prevent electrolytic 
action. 

Wing-vab>es are commonly used in high-pressure pumps (Figs. 45 and 
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46) of the pot-valve type Ball-valves (Fig. 47) are also sometimes used 
in pumpH of thiH type A valve which is commonly used in pumping 
clear liquids is shown m Fig 48, 



Fia. 48.— TypB Of Pump V»1vb Fio. 49. — Kinghorn Pump Valve. 

Used For Clear Liquids. 

66. The Kinghom Valve For Air Pump Service (Fig. 49) 
consists of three bronze disks, each about M2 i°- thick, which 
are mounted loosely on a central stud. Buckling and distor- 
tion of the discs is prevented by a guard which limits the lift. 

67. Pump-Valve Seats May Be Either Forced Or Threaded 
Into The Valve Decks (Figs. 50 and 43). Where the seat 13 



FiQ. 51. — Flat-Fac. 



forced into the deck, the hole in the deck is bored to a very 
sUght taper, and the cylindrical portion of the seat is turned to 
correspond. When the seat has been forced in, the projecting 
edge, E (Fig. 50) is peaaed over to prevent the seat from work- 
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ing out. Where the seat is threaded into the valve deck, the 
threads are turned on a slight taper to insure a tight fit. 

68. Flat-Faced Bronze Poppet Valves (Fig. 51) are used 
on pumps of the pot-valve type (Fig. 46) for high pressures. 
The vertical movement of these valves is guided by wings 
which work in the valve-seat openings. 

69. Three Different Methods Of Arranging The Valves 
Of Horizontal Double-Acting Suction Pumps are in use: 
(1) The sets of discharge- and of suction-valves may be super- 
imposed one above the other (Fig, 52) ofcoi'e the pump-barrel 
or cylinder. (2) The sets of suclior^ and discharge-valves may 

be arranged (Fig, 53) side „i„ 

by side above the pump- 
barrel or cylinder. (3) 

The discharge-valves may 
be located (Fig. 1) above 
the pump-barrel or cylin- 
der and the suction-valves 
below. 

Arrangement (1) is 
commonly used in small 
low- or medium-pressure 
pumps. It admits of 
eaay access to the valves 
for renewals and repairs. 
Its disadvantage is that 
it (Fig. 52) requires a 

reversal of the flow of F.a,52.-M«iium-P™«ur«Pi«ton-P„™pWith 

water through the pump, suction And DlHcharge Valves Ananged Abova 

This tends to a dimin- ^-"p-^*"^' 

ished pumping capacity. A pump having this arrangement 
is termed a svhmerged-piston pump. Practically all small 
boiler-feed pumps (Sec. 198) and wet vacuum pumps (Sec. 
1353) are so constructed. 

Arrangement (2) is commonly used in pumps (Fig. 53) 
designed for high pressures. It permits a structural design 
which is conducive to great strength. 

Arrangement (3) is much used in large low- or medium- 
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pressure pumps. It pennits the water to pass through the 
pump without any reversal of flow. 



60. The Total Effective Area Of Opening Of Each Set Of 
Suction- And Discharge-Values In A Direct-Acting Steam- 




n-Pump Witb Air-Cbainber. 



Pump should, for low speeds, be about 30 per cent., and for 
high speeds, about 50 per cent., of the piston- or plunger area. 
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Note. — ^Thb Area Op Opening Given By A Flat Disc Valve (Fig. 
54) is the annular area obtained by : MvUiplying the liftf L, in inches, by 
the diameter, d, in inches, and by 3.14. The most adaptable valve- 
diameter has been found to be from 3 to 4 in. The lift commonly used 
is about 3^ in., regardless of the water-diameter. 

Example. — The water-piston of a high-speed pump is of 10-in. diame- 
ter. The piston-rod is of d-in. diameter. How many flat disk valves, 
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FiQ. 66. — Apparatus For Replenishing Air-Chamber In Discharge-Pipe Of Hydraulic 

Elevator Pump Under 800 Lb. Pressure Per Sq. In. 

each of 3-in. diameter and ^-in. lift, are required for each set of suction- 
and delivery-valves in this pump? 

Solution. — The effective piston-urea - (10* X 0.7854) ^ 

— 76 sq, in. The area of opening of each valve will (Sec. 60) be 0.25 X 
3 X 3.14 = 2.36 sq, in. Hence, (Sec. 60) 76 X 0.5 ^ 2.36 = 16.9, or, 
practically, 16 vahes are required in each set, 

61. Air-Chambers are often connected to the discharge- 
valve chambers (Fig. 55), or to the discharge pipes (Fig. 56), of 
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direct-acting steam-pumps. The function of an air-chamber is 
to provide a cushion for the discharged water. 

BxpiANATioN. — The air in the chamber, C, (Fig. 55), ia compreesed, 
during discharge, to a pressure approximately equal to the pressure 
ageunst which the pump is working. Thus, it forma a highly elastic 
buffer or cualuon. When the piston reaches the end of ita stroke, the 
discharge suddenly ceases. An instant elapseB before the opposite 
stroke bepns. During this instant, expansion of the compresaed-air 
in C tends to keep the discharged water in motion. Hence, the reacting- 
tendency of the column of water in the discharge pipe is neutralized. 
Consequently, where the air-chamber is of the proper proportions, no 
shock, neither to the piping nor to the pumping mechanism should result 
therefrom. 

Note. — ^The Aih-Chambbh Is a 
Less Needful Accbsbort in Dd- 
PtBX-PuMP Service Than In Sim- 
PLBX-Puup Service. Duplex-pumps 
(Sec. 71) have continuous piston- 
travels. Hence, with such pumps, the 
dischari^ of wat«r is approximately 
continuous. For high -pressure 
duplex-pumps (Sec. 75) and those 
working against very high pressures, 
as in high-pressure hydraulic elevator 
service, air-chambers are, neverthe- 
less, distinctly necessary. 

62. The Height OfTheWater- 
Level In The Air-Chamber Of A 
Pump (Fig. 55) should not ex- 
ceed one-fourth the height of the 
chamber. With small slow- 
running pumps, working against 
pressures below 50 lb. per sq. 
Fio. E7.— Snifter For Repieqiahing in., it is usual to rely entirely 
Air.ch.n.w Of Direct-Aeting Btenni- upo^ the air-bubbles, which are 
entrained with the auction- 
water, for maintaining the requisite volume of air in the 
chamber. Where pumps run at high-speeds and against 
pressures higher than about 50 lb. per sq. in., good service 
requires that the air-chambers be rechai^ed occasionally by 
mechanical means, or by use of a snifter. The snifter (Fig, 
57) may be operated by the pump itself. It is suitable for 
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pumps running against pressures up to about 200 lb. per sq. in. 
It can be used only where the pump has a suction-lift. 

Explanation. — The snifter is connected to the pump-cylinder at a 
point, P, (Fig. 57) between the suction- and discharge valve-decks. 
When the valves V and V\ are opened, water is forced, during the 
head-end discharge-stroke of the pump-piston, into the snifter-cylinder, 
S, The air in ^ is thus dislodged and forced into the air-chamber, A, 
through the check-valve C During the corresponding suction-stroke, 
the water in iS is drawn back into the pump cylinder. Thus the snifter- 
cylinder is again filled with air through the check-valve C\, 

The flow through valve Vi should be throttled on the suction-stroke 
to prevent all of the water from being drawn from cylinder S, The 
purpose of this is to retain a column of water in S to act as a piston for 
driving the air through check-valve C. Valve V\ should be so ma- 
nipulated as to establish a regular pulsation, within the length of the 
glass gage, of the water-level in S. 

63. Air-Chamber Charging-Apparatus For Pumps Working 
Against Very High Pressures, usually depend (Fig. 56) for 
their effectiveness, upon the tendency of particles of com- 
pressed-air to percolate through masses of water. 

Explanation, — Gate valve V (Fig. 66) being closed and V% opened, 
the air compressor, C, is started. Gate valve V\ is then opened to 
permit the water in the reservoir, /?, to be blown out, after which it is 
closed. When the pressure within the reservoir reaches the limit of the 
compressor's capacity for compression, which may be about 75 lb. per 
sq. in., valve V2 is closed and V is opened. Water then passes through 
the connecting-pipe and gradually fills reservoir R. Coincidentally, the 
compressed air, thus displaced, bubbles through the water in the con- 
necting-pipe and upward through the mass of water in the lower part 
of the air-chamber. A, The gage-cocks, (?, are used to determine the 
approximate height of the water in the air-chamber, A. 

64. The Ratio Of Air-Chamber Volume To Volume Of 
Water-Piston Displacement In Direct-Acting Steam Pumps 
may, for ordinary rates of speed, be about as follows: (1) For 
simple pumps (Fig. 57) from 2 to 3.5. (2) For duplex pumps 
(Fig. 58) from 1 to 2.5. The air-chamber volume of a pump 
for high-speed service (Fig. 25) may be from 5 to 6 times the 
volume of piston displacement. 

66. Vacuum Chambers (Figs. 59 and 60) are sometimes 
attached to* the suction-pipes of direct-acting steam-pumps. 
The function of a vacuum-chamber is to insure that the pump- 
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Fio. SO.— VMuum-Chamber Coi 
D«ted To End Of SuDtioa Pip« C 
EHrect-Aotinc Stcvo-Piimp. 



Pio. eo.— Spedsl Form Of Vac 
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cylinder be completely filled with water at each reversal of 
the piston-stroke. It also provides an air-cushion for the 
column of water in the suction-pipe when the movement of 
the water is suddenly arrested, due to the momentary stoppage 
of the piston at the end of each stroke. 

Explanation. — During the piston-etroke the air (Fig. 58) in the 
vacuum-chamber tends (Fig. 61) to expand. Therefore, if the current of 
water in the suction-pipe ia insufficient to completely fill the space behind 
the piston, a portion of the water standing above the plane, X ¥, of the 
suction-inlet is forced into the cyhnder. Thus, the cylinder will be full 
of water when the piston-stroke is reversed. When the flow of water 
(through the sucHcn vabret) momentarily ceases at the end of the stroke, 



the momentum of the moving column in the suction-pipe is expended in 
compressing (Pig. S8) the air in the vacuum chamber. Thus the shock 
that might otherwise attend abrupt stoppage of the flow is avoided. 

66. Direct-Acting Steam-Pumps May Be Classified, With 
Reference To Their Cylinders, as follows: (1) Single or 
simplex pxttnps. (2) Duplex pumps. A simplex pump (Fig. 
62) has one steam-cy Under and one water-cyhnder. A 
duplex pump (Figs. 63 and 64) has two steam cylinders and 
two water cylinders. It comprises, in effect, two single 
pumps, A and B, (Fig. 63) placed side by side, drawing water 
through a common suction-pipe, S, and discharging into a 
common delivering chamber, C, and pipe D. 
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I. 63.— Lonvtudimtl SwstiDaBi ElevaUon Of Burnham Direct' Acting Simplex Btwm- 



aUon Of Vslve Geu Of Duplei Steam 
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Note. — Each Stkam-Valve Of a Doplkc Pump Is Actcated Bt 
The Opposite Piston-Rod. The reciprocative motion of the pistoD- 
rods, R, and Ri, (Fig. 63) is transmitted to the slid»-vaIveB, V, and Vt, 
through a system (Pig. 65) of oscillating rocker-shafts and arms. 

67. The Steam-Valve Gears Of 
Simplex-Pumps are (Figs. 62 and 
66) variously constructed. With 
all forms of such gears, however, 
the main valve for admitting steam 
to the cylinder and releasing it 
therefrom, is operated by direct 
steam-pressure. The valve is thus 
said to be steam-thrown. 




LBC-MechaDum Of Duplex Pump. 



Fid, 64. — Sectional Elovatjon Ot 
One fflde Of Vertical Duplet Steam 
Pump For Boilei Feed Service, 



EbcPLANATioN. — At the beginning of the inboard stroke (Fig, 62), 
main steam-port E is covered by the piston, P. Enough steam to give 
the piston an easy start passes in behind it through pre-admission port 
Gi (Figs. 63 and 67). When the piaton moves far enough to uncover 
port E, it receives, through the valve-port Vi (Figs. 62 and 67) and main 
steam-port E, the full steam pressure. It then moves at normal speed 
until it covers main steam port F (Fig. 62). By this covering of port F, 
the ediaust steam ahead of the piston ia trapped in the inboard end of 
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the cylinder. The exhaust steam thus forms a cushion, against which the 
piston makes an easy stop. 

During the inboard stroke, the actuating lever, A, is shifted to the 

opposite angular position, as indicated (Fig. 62) by the dotted lines. 

The toe of the actuating lever 

thus strikes tappet-block K and 

shifts the auidliary alide-valve, 

H (Pig. 67) far enough to the 

left to open communication 

, between auxiliary steam-port 

Ct and auxiliary exhaust-port 

J R. CoincidentaJly, the auxiliary 

valve, H, will admit Uve^team, 

through auxiliary port Ci, to 

the right-hand end of chesb- 

piston, M (Figs. 62 and 67). 

This will cause the chest-piston, 

which engages with and shifts 

the main slide-valve D, to move 

i instantly to the left. Thus the 

Fia. 6fl,— Sertional ElEvation Of Steam-End main steam-port F will be 

Ot Cameron Direct- Acting Simple. S«.m- brought tO coincide with the 

Pump. Showing Ineide-Oimratwl Valve . -„ j . ,, . ,, 

MechsniBm dniled porta, V„ in the mam 

slide-valve. Preadmiaaion port 
Gt will Ukewise be open. Steam will thus be admitted to the right- 
hand end of the cylinder for a reversal of the piston-stroke. 

If sleam is admitted to the steam chest, M, (Fig. 66], it will enter the 
hollow ends, H, of the steam-chest plunger, F, and issue through a hole 



FiQ. 87.— Plan 0( Steam- Valvo Gear Of Burnhnm Direcl-Aeting Siniplei Steam-Pump. 

in each end. The spaces between the ends of the plunger, F, and the 
heads of the steam chest will thus be filled with steam. Steam will also 
enter the cyhnder through the port Pi and drive the main piston, C, 
to the left. When the main piston strikes the stem of the reversing 
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valve R2 and forces this valve to the left, the steam at the left-hand end 
of the plunger, F, will escape through the port, J^j, into the annular 
cavity A 2 and thence through a cored passage (not shown) in the cylinder 
casting into the exhaust cavity, K. The balance of pressure between the 
two ends of the steam-chest plunger, F, will thus be destroyed. Due to 
the preponderence of pressure at the right-hand end, the plunger will be 
instantly thrust to the left-hand end of the steam chest. The slide valve, 
D, is attached to the plunger, F, Hence it will Ukewise be shifted to the 
left. live steam will then enter the left-hand end of the cylinder through 
the port Pij while the spent steam in the right-hand end will be exhausted 
through the port Pi. 

Instantly, when the main piston, C, starts on the return stroke, the 
reversing valve, J?2, will be closed by the pressure of the steam which is 
constantly in contact with it through the dotted port S2. When the 
main piston has traveled far enough to the right, it will shift the reversing 
valve Ri. The series of events described above will then be repeated 
at the right-hand end. 

68. The Length Of Stroke Of A Simplex Pump Having 
External Value Gear (Fig. 62) depends upon the adjustment 
of the auxiliary slide-valve, H, (Fig. 67). 

m 

Explanation. — Prick-punched shop-marks on the tie-rod, X, which 
forms the bearing for the piston-rod guide (Fig. 62) indicate the extreme 
travel of the piston in each direction. If the inboard stroke is too short 
it may be lengthened by a slight shifting of the tappet-block L (Fig. 
62), along the valve-stem, toward the right. The outboard stroke may 
likewise be lengthened by shifting the tappet-block K toward the left. 
These adjustments will permit the actuating-lever, Ay (Fig. 62) to oscil- 
late further in each direction before striking the tappet-blocks. Shifting 
of the auxiliary valve Hy (Fig. 67) will thus be delayed. 

If the piston-rod guide travels very close to the marks, the piston may 
hesitate before reversal at the end of each stroke. Or, it may sometimes 
hang at the end of a stroke. When this occurs the tappet-blocks, K 
and L, (Fig. 62) should be shifted closer to the toe of the actuating lever. 

69. Adjustment Of The Steam-Valve Of A Direct-Acting 
Duplex-Pump (Fig. 63) consists, first, in plumbing the rocker 
arms and setting both valves line-and-line with the outer 
edges of the steam-ports. The lost-motion, or clearance, 
between the valve-stem collars and the abutments on the 
backs of the valve is then divided equally. See Sec. 73. 

70. To Determine The Requisite Length For Either The 
Steam- Valve Rod Or Stem Of A Duplex Pump proceed as 
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follows: Place the valve-arm plumb (Fig. 68) and put the 
valve in its central position. The valve will be central when 
its outside edge at each end coincides with the outside edge 
of the corresponding steam port. If the valve steam is 
missing, the valve-rod should be blocked up to a horizontal 
position^ The length of the missing stem will then be given 
by the distance A (Fig. 68). In laying oflf this distance, the 
clearance, C, between the end of the stem and the wall of the 
steam-chest, should be greater than the steam-port width, 
assuming this to be equal to the maximum displacement of the 
valve from its central position. If the valve rod is missing, 
the stem should be inserted and the lost motion, L and Li 
accurately adjusted. The length of the missing rod will then 
be given by the distance B (Fig. 68). 
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-Method Of Finding Lengths Of Steam- Valve Stems And Rods Of 

Duplex Pumps. 



71. The Function Of The Valve-Stem Lost-Motion In 
Duplex Direct Acting Steam-Pumps (Fig. 63) is threefold: 
(1) It permits adjustment of the piston-stroke. (2) It causes a 
continuous piston-travel. (3) It prevents the pump from stopping 
in a position from which it cannot be started by admitting steam 
to the steam chest. Continuous piston-travel is secured by 
preventing simultaneous reversals of the piston-strokes. 
Assurance against a dead-center or non-starting position is due 
to the fact that when either steam-valve covers all four ports 
(Fig. 63) the opposite valve leaves an admission — and an ex- 
haust-port wide open. This feature of the duplex pump 
renders it well-adapted for periodic operation (Figs. 69 and 70) 
under governor control, 
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Fio. 70. — Qovranw^ConWolled Duplei Pump For WaUt-Servieo Ii 
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Explanation. — A duplex pump (Fig. 63) ia presumed to have been 
correctly ftdjuated for running. The steam-piBtons, Pi and Pj, {Fig. 
71) are at mid-stroke. Likewise, the Blide-valves, Vi and I'l, are at mid- 
travcl. Piston P, actuates valve Vi througb the long rocker-arm, 



Flit. 71.— PistoDB And Vatv« In Mid- Flo. 72.— Ou Steam-VHlve Sbif(«d 

PosilJQii, From Cenlial Position. Piaton P, 

StsrU Movement To Lett. 

pivoted at ^1. FiatoD Pi actuates valve Vi through the short rocker- 
arm, pivoted at Ft. The rocker-arms stand perpendicularly to the center- 
lines of the cylinders. The lost motion of each valve-eteam is equally 
divided between the ends of the valve. 

Valve F, (Fig. 72) has been moved 
HO that the steam-port S is open for 
admission of steam to the cylinder. 
It is presumed that this was done 
before the steam-chest covers (Fig. 
fl3) were put on. If the valves had 
been left aa in Pig. 71, the pump could 
not start when steam would be ad- 
mitted through the throttle-valve in 
the supply-pipe. 

Steam has entered through port S 
(Fig. 72) and has driven piston Pi in 
the direction of the arrow. This 
Fio. 73. — FLston Pi At End Ot In- pigton has moved just far enough to 
board Btroka And On Point OI Re- ^^ jj,g logt-motion at the right- 

versai-Piiton Pi ApproschiDK End Of , , j , , „ -^ _. 
Inboard Stroke hand end of valve V\. Further move- 

ment will open ateam-port Su 
Piston Ft (Fig. 73) has completed a stroke. Coin ciden tally, piston F| 
has traveled far enough in the direction of the arrow to shift valve Vi 
to the mid-trovel position, where it is on the edge of opening steam-port 
Si for the return-stroke of piston Pj. 
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If the stem of valve Vi had less lost motion, the valve could not have 
been ahifted (Fig. 72) far enough to give a full opening at port S. Hence 
valve Vt would have been moved to the mid-travel position (Fig. 73) 
before piston Pi could have reached the end of the cylinder-bore. Thus a 
shortrstroke would have resulted. On the other hand, if the lost motion 
were greater than the amount shown (Fig. 72), valve Vt could not reach 
mid-position (Fig. 73), and thereby close port .S against admission of 
steam behind piston Pi, coincident with the airival of that piston at the 
end of the cyhnder. 

Piston P] (Fig. 74) has finished its stroke. Coincidentally, it has 
moved Vi to the limit of ite right-hand travel. 8t«am-port .Si has thus 
been fully opened for admitting steam behind piston Pi. Piston Pi 
has, therefore, moved far enough on its return stroke to shift valve Vi 
to the edge of opening sleam-port St for a, reversal of piston Pi. 



^xfBUsT nrt.-. Mm: 




Fia. 75.— Reton Pi At End 01 Head- 
End Stroke And On Point Of Rcverwl. 

^tOD Pi ApprOBchinc End Of Uesd-End 



Piston Pi (Fig. 75) has completed its return stroke. Coincidentally, 
piston Pi has traveled far enough on its return stroke to shift valve Vi 
tO'the edge of opening port S for another reversal of piston Pi. 

Note. — Incouhbct Adjustment Of The Valvb-Stbu Lost-Motion 
In Duplex Pumps Mat Be a Source Of Loss. When the pistons do 
not rea«h the Umits of possible travel, they must make many more 
strokes than would otherwise be required to do the same amount of work. 
This means extra consumption of steam and cyhnder oil, and extra wear, 
particularly of the water valves. 

72. The Points At Which The Cross-Heads Should Be 
Secured To Duplex-Pump Piston-Rods may be determined as 
follows: The packing should be removed from the piston-rod 
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stuflang-boxes (Fig. 76) and the glands should be screwed up 
tightly. The cylinder-heads being removed, the steam- 
pistons should be pushed up solidly against the center-heads. 
A line, A, (Fig. 76) should then be scribed on each rod flush 
with the faces of the water-end glands or gland-nuts. The 
heads of the steam-cylinders should then be put on. The 
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Fig. 76. — Marking Center-Head Striking Fia. 77. — Marking Cylinder-Head Strik- 

Point. ing-Point. 

heads of the water-cylinders being removed, the steam-pistons 
should be pushed up solidly (Fig. 77) against the cylinder- 
heads. A line, B, (Fig. 77) should then be scribed on each 
rod flush with the faces of the steam-end glands or gland-nuts. 
The scribed lines, A and B, (Fig. 78) thus establish the striking" 
points. The lines should be prick-punched to make them 
discernible for future reference. By shifting the pistons until 

A and B become equally dis- 
tant (Fig. 78) from the glands, 
the pistons will be placed ex- 
actly at mid-stroke. The 
crossheads should then be 
slipped along the rods until 
the rocker-arms (Fig. 78) 
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Fig. 78. — Striking-Pointa Equally Staud plumb. The CrOSS- 

Spaced, Rocker-Arm Plumb, Croeahead In heads may then be damped 
Correct Position. 

to the rods. 

Note. — The crossheads of new duplex pumps are, generally, so secured 
to the rods as to preclude possibility of error in restoring the crossheads 
should they at any time be temporarily removed. The operation of 
finding the striking points (Sec. 72) is, however, necessary where the 
piston rods of an old pump have been renewed. 

73. The Correct Amount Of Valve-Stem Lost-Motion In 
Duplex-Pumps depends upon the service in which the pump 
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is to be used. Pumps designed to run at high speeds (Sec. 28) 
require considerably leas valve-stem lost-motion than do 
pumps for slow-speed service. Generally, lost-motion (Fig. 
68), at each end of the valve, equal to about one-third of the 
admission-port width will suffice for ordinary service. 

Note. — Th£ Valvb-Stbm Lost-Motion In SLow-RnNtnjia- 
Duplex-Pdmps, as those in boiler- 
feed and elevation service, should 

be such that each pistoo will travel *c* 

nearly full stroke before shifting 
the opposite slide-valve to the 
admission edge of the steam-port. *■" 






Pig. 79.~-IUcid Valve-Stem Cod- Fid. SO.— Meclutniem For Outiide Ad- 

ne«U0D Of Duptei-Pump Slide-Valve~ iiutment Of Lost Motion In Duplei-Pomp 
Loat-Motian Provided EiUrnslly. Valve 0«r. 

Note. — The VaiiVb-Stemb Arb Optbn RiaiDtY Attached (Pig. 79) 
to the slide-valves. In such cases a Unk mechanism (Fig. 80), with sUding 
bbcks and tappets, is provided for adjusting the lost-motion outside the 
Bt«am-ehest. 



Fio. 81, — How Dupl«-Pump K«ton» Are Steam-CiHhiooed. 

74, Compression-Space In The Steam-Cylinders Of Duplex 
Pumps is the volume of cylinder-space S, (Fig. 81) in front 
of the pistOQ, plus the volume of space in the admission-port, 
A, at the instant the piston has completely closed the corres- 
ponding exhaust-port E. 
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Explanation. — The piston P, (Fig. 81) has reached a poeJtion in its 
travel wheteiu it prevents escape of steam through the exhaust-port 
E. Coinci dentally the Blide-vatve, D, covers the adnussion-port A. 
Hence the piston will be ouahioaed in it« further progress by compressing 
the steam ahead of it in the apace S. 

Note. — Large duplex-pumpe are equipped with mtaiwm-vabiei, C, 
(F^. 81) for adjusting the cushioning effect of steam in the compression 
spaces. This is done by controUing the flow of st«am, through the by- 
pass, B, from the admission-port A to the exhaust-port E. 

76. The Relative Merits And Demerits Of Simplex And 
Duplex Pumps may be aummarizcd as follows: (1) The flow 
of water in both the intake-and discharge-pipes of a simplex pump 



Fio. 82.— Sectiooal ElevaUon Ot Stesm Cylindera Of A Burnham Compound 9iRipIii 
Pump. 

must cease during piston-reversal. The water hammer which 
tends to result therefrom may, however, be prevented or 
modified by using (Sees. 61 and 65) air and vacuum chambers. 
(2) With a duplex pump (Sec. 71) the flow of water is prac- 
tically continuous. (3) The piston of a simplex pump travels 
the maximum set distance during each stroke. The length of the 
stroke, after being fixed by adjustment of the auxiliary steam 
valve (Sec. 68), continues constant regardless of the retarding 
tendency of piston-, rod-, and cylinder-friction. (4) The 
pistons of a duplex pump may short-stroke. Short-stroking 
may be due to the retarding effect of friction between the 
pistons and cylinders and in the piston-rod stuffing-boxes. 
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(5) The simplex pump uses less steam for the same ammmt of 
work Vian does the duplex pump. This i8 due to Bmaller 
clearance spaces in the steam cylinder. 

Notes. — Simplbx-Pdmps Are Well-Adapted As Vacuum- and 
AiR-PuMPS in connection with surface-condensers. This is due to their 
comparatively email clearance spaces and immunity from ehort^atroking. 

DuPLBX-PuuPB Arb Well-Adapted Foa Hiqr-Fres8i7rb Service. 
They aie also preferable where either a very high or a very slow velocity 
of flow is required. This is due to their practically coatlnuous action. 

Fibb-Insdrancb Undbbwritebb require that Dikbct-Acting Steau 
Fire Pumps (Fig. 25) be of the duplex type. These pumps are com- 
monly connected to sprinkler-pipe fire-eystoms. In such cases aunliary 
duplex pumps, A, (Fig. 69) are provided for making up the leakage from 
the sprinkler system and maintaining a constant pressure therein. 



Flo. Sa.^Sectional EUvstion Of Steam Cylinden Of A Compound Duplei-Pump, 

Note. — Larqe Dirbct-Actinq Stram Pomps Are Optbn Boilt 
Wmi Compound Stbam-Ctlinders (Figs. 82 and 83). This is done to 
economize their steam consumption. See the Author's Steam Engines. 

76. The Steam-Piston Areas In Boiler-Feed Pumps 
(Sec. 28) are usually from about two to three times the watei^ 
piston areas. In boiler-feed service the total head and the 
available steam-pressure are practically equal. A large 
excess of steam-piston area is, however, provided as a safety 
precaution. It conduces to prompt starting of the pump. 

77. Selection Of A Direct-Acting Steam Pump For Boiler- 
Feed Service is based upon two main factors: (1) The steam- 
ing capacity of (he boilers to he fed. (2) A proper rate of 
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piston travel. The pump must be large enough to deliver, 
while running at a moderate speed, the maximum quantity 
of water that can be evaporated in the boilers. It is conven- 
tionally assumed that these conditions are fulfilled by selecting 
a pump that will deliver 45 lb. of water per hour per boiler 
horse power while running at one-half the rated normal speed 
of the pump. 

78. Pump Managment is discussed in the following notes. 
Although these directions are included in this Div. on Direct 
Acting Steam Pumps many of the suggestions apply with 
equal weight to pumps of any type. This material is quoted 
from the Coal Miner's Pocketbook: 

All Pumps, When New, Should Be Run Slowly until the parts have 
become thoroughly adjusted to their bearings, when the speed may be 
increased. Because a new pump works stiffly is no cause for alarm, for, 
while a machinist can properly construct the parts, he cannot always 
forsee the strains caused by the action of the pump, when the parts are 
assembled and which require certain adjustments after the pump is at 
work. By running the pump slowly with the parts properly lubricated 
and making such adjustments as may be necessary, stiffness will gradu- 
ally disappear and the highest efficiency of the pump will then be at- 
. tained, provided other matters on which the pump's action depend have 
received proper attention. 

The Causes That Affect A Pump, Impair Its Efficiency, And 
Prevent It From Performing Its Full Duty are: (1) wear; (2) the 
improper adjustment of vcUveSj vcUve stemSj and levers; (3) the improper 
packing of plungers and stuffing boxes; (4) drawing up the stuffing-box 
glands too tightly; (5) lost motion due to permitting the working parts to 
wear and not adjusting them to the new conditions; (6) accumvlalions of 
foreign mcMer under the valves or in the strainer; (7) broken valves and valve 
springs; (8) leakage in valves; (9) taking air in the suction pipe; (10) 
clogged or broken discharge pipes; and (11) the use of poor gaskets. 

Many Pumps Are Capable Of a Larger Capacity Than Is Ob- 
tained By The Low Speed At Which They Are Operated, but it is 
important that such pumps be run continuously, as any serious interrup- 
tion in pumping might cause trouble elsewhere. It is customary, there- 
fore, to keep on hand a supply of duplicate valves, moving parts, and 
packing, in order that when it becomes necessary to make repairs they 
may be made without great loss of time. 

A Common Cause Of Pumps Refusing To Work Properly Is Dub 
To Their Taking Air Below The Suction Valves. Small leaks will 
cause the piston to jump owing to the water not entering through the 
suction valves soon enough to fill the entire chamber. This trouble 
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may be remedied by making all joints in the suction pipe and between 
the pipe and the pump air-tight. Leaks may sometimes be detected by 
the hearing or by the flame from a candle being drawn toward the hole. 
If the leaks are small and not at the pipe joints, a coat of asphalt paint 
may stop them; if large, they should be drilled larger, the hole threaded, 
and a screw plug inserted. If the leak is at the joint between two pipes, 
the pipes should be uncoupled and screwed together again, using graphite 
pipe grease for a lubricant. Or, if the joint is a flanged one, a new gasket 
should be placed between the flanges, and the pipes lined up before the 
bolts are tightened. 

Sometimes, A Pump Fails To Catch The Water When Started 
Owing To Leakage Of The Valves In The Suction Chamber. The 
trouble may be caused by the valve and the valve seat being corroded; 
by chips or gravel getting under the valves and preventing them from 
seating properly; or by the valves and seats becoming worn so that leak- 
age cannot be prevented without changing the parts. 

Many Pumps Will Not Raise Water In The Suction Pipe When 
Empty, Owing To The Pump Having Been Idle For Some Time, 
but will continue to draw water after once being started. In such cases, 
it is necessary to prime the pumpf by which is meant filling the suction 
pipe and part of the suction chamber, if there is one, and in some cases, 
also, the pump barrel, with water, so that the pump may start under 
conditions similar to those under which it must work. To prime the 
pump, open the cock, or valve, in the priming pipe and allow water 
from the column pipe to flow down into the suction pipe and the pump. 
When these are full, the valve is again closed and the pump is ready to 
start. 

Pumps Sometimes Fail To Raise Water When The Full Head Is 
Resting On The Valves In The Discharge Chamber. This may be 
due to air accumulating between the suction and the discharge decks, 
which air is compressed and expanded by the motion of the plunger. 
Air valves should be provided in the water cylinder to allow this confined 
air to escape. Violent jarring and trembling often occur if the discharge 
chamber is not provided with either an air chamber, where the lift is 
not above 150 ft., or with an alleviator, for lifts above that distance. 
This jarring is due to the column of water in the discharge pipe coming to 
rest suddenly between strokes and having to be again put in motion. 

In Case The Pump Column Is Filled With Water And The Pump 
Is Stopped, The Water Will Run Back Through The Pump If The 
Foot- Valve Is Not Tight. To prevent this, a gate valve or a check- 
valve is placed a short distance from the pump in the column pipe. A 
gate valve wears less than does a check-valve, and presents no obstruction 
to the flow of water when the valve is open. This valve is useful in the 
column pipe to maintain the pressure off the valves when the pump is not 
at work, and also for keeping water from running back into the pump 
chamber when the valves are being repaired. 

When Starting Compound Pumps, the steam pressure on the high- 
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pressure-cylinder piston is not always sufficiently powerful to move the 
plimgers against the resistance of the water in the discharge pipe. But, 
by opening the gate valve in the by-pass piping, the pressure on the 
plungers is reUeved for a sufficient number of strokes to allow the steam to 
reach the low-pressure piston, when the combined force of the two pistons 
will do the work. The by-pass pipe can then be closed. 

Valves In The Steam End Sometimes Wear Unevenly Ob Theib 
Stems, By Continual Action Wear And Cause, Lost Motion, thus 
causing a back pressure and irregular action. Anything wrong in the 
steam end can usually be determined by the irregular exhaust, but even 
this may be deceptive in case the water-end valves are leaking. If the 
steam valves are suspected, the steam chest cover may be raised for their 
inspection, but the valves should not be disturbed until it has been deter- 
mined, by moving the water piston backwards and forwards several 
times, that they do not open and close properly. The trouble may be in 
the levers or toggles that throw them. If so the correcting adjustments 
may be properly made without disturbing the valves. In many duplex 
pumps, there are very slight differences between the two sides, and the 
amount of the lost motion (Sees. 71 and 73) between the valve stem 
and the valve should be carefully adjusted. Too little lost motion will 
cause short stroking, while too much will allow the pistons to strike the 
heads. The adjustment requires skill. 

Sometimes, The Valve Seat Or The Valve Has Soft Spots That 
Wear Faster Than The Remainder Op The Valve And Seat. 
Through these slight depressions, steam will blow and cut both valve and 
seat if attention is not given them; back pressure will then seriously 
interfere with the working of the pump. If the defect is in the valve, a 
new one can take its place. But the valve seat, if a part of the steam 
cylinder, will require an entirely new cylinder, and hence it is economy to 
scrape the seat until the depressions are removed. A try plate made of 
steel having a perfectly level surface is covered with chalk and carefully 
rubbed over the valve seat. The elevations will have chalk on them, the 
depressions will not. The elevations are scraped with a chisel made of 
the best steel until they are worn down so that chalk sticks to every part 
of the seat alike. The valve is treated in the same way if it can be done 
without too much expense. The valve and the valve seat when remov- 
able should be sent to the shop to be reground. 

The First Step After A Pump Has Been Erected Is To Clean Out 
The Steam Piping. In order that this may be done without carrying 
foreign matter into the pump, the piping is left disconnected from the 
pump and steam at full boiler pressure is allowed to blow freely through 
the piping and valves for a few minutes. Steam is then shut off and the 
piping is connected to the pump. 

The Next Step Is To Blow Out The Steam Cylinders. To do this, 
the cylinder heads should be put on, leaving the pistons and valves out of 
the cylinders. The stuffing boxes should be closed, which is most 
conveniently done by placing a piece of board between the stuffing box 
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and the reversed gland and then setting up the nut on the stuffing box 
studs. When the gland is drawn home by a nut outside of it, a circular 
piece of pine board may be placed between the end of the gland and the 
inside of the nut in order to close the opening through which the piston 
rod passes. Steam may now be turned on the main steam pipe leading to 
the pump; by opening the throttle valve wide at short intervals. 
Thereby the sand and scale, in the ports and other passages and spaces of 
the steam end, can be blown out. After the cylinders have been blown 
out, the heads and covers should be removed and all foreign matter 
blown into the comers and chambers of the cylinders removed by hand. 
The pistons, valves, cylinder heads, and other covers can then be put in 
place. The blowing ovl of the pipes and cylinders after erection is often 
neglected or hvi imperfectly done, with serious consequences to the machine. 
It cannot be too thoroughly done, particularly in pumps of the type in 
which the steam ports and exhaust ports are on top, for in this construc- 
tion the sand and grit are deposited in the bottom of the cylinder for 
the piston to ride on. 

The Packing Of All Rods And Stems Is The Next Step. If 
fibrous packing is used, the boxes should be filled full and the glands 
tightened down very moderately. The tightening of the glands can best 
be done when steam is on and the machine is in motion, when they 
should be tightened only sufficiently to stop leakage and no more. When 
excessive tightening is required to stop leakage, the packing should 
be completely renewed. Some pumps are fitted with metaUic packing. 
This packing is usually prepared by specialists and fully guaranteed. 
Their directions for use should be carefully followed. In case of failure or 
unsatisfactory results, the makers should be consulted. 

The Oiling Op The Machinery Is The Next Step and is a very 
important one. All rubbing surfaces should be provided with suitable 
oiling devices designed for the particular place and service. The quaUty 
of oil should be carefully selected to suit the velocity and pressure of the 
rubbing surfaces on which it is used. For use within the steam cylinder, 
heavy mineral oil \a the only oil capable of withstanding the high temper- 
ature. When starting up new pumps, only the best-quaUty oil should be 
employed, regardless of price. A Uberal use of this oil for the first month 
will go far toward reducing subsequent oil bills. 

A Pump Must Often Run Continuously Without Interruption 
— For a Month Or Even Longer. This requires that all oiling devices 
be so arranged that they can be replenished and adjusted while the 
machine is in motion. It is a good plan to provide two sets of oiling 
83^tems for all of the principal journals. Then, if one fails the other can 
be used while the disabled one is being overhauled. All oil holes are 
generally stopped with wooden plugs or bits of waste twisted into the 
hole, or are otherwise protected while the machine is being erected. 
These should now be removed and the holes and oil channels thoroughly 
cleaned. Bearings should be flooded with oil at first to wash out any 
dust or grit that may have reached the rubbing surfaces. 
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The Steam End Is Now Ready To Be Warmed Up. (From now on 
the method of starting a pump is the same whether the pump is a new 
or an old one.) To warm up the steam end, the throttle is opened 
slightly and, with the drain cocks opened wide, steam is allowed to blow 
through the cylinder until no more water passes from the drain cocks. 
The steam by-pass pipes should be used where multiple-expansion 
pumps are being started. If the pump has a valve gear that can be 
operated by hand, the warming up can be hastened by working the valve 
back and forth slowly. While the steam end is warming up, the water 
end should be made ready by opening the stop-valve in the delivery pipe 
and otherwise insuring that the pump has a free delivery. If a stop- 
valve is fitted to the suction pipe, this should be opened. If the pump is 
compound or triple expansion, the water by-pass valves must be opened 
until the machine has made a sufficient number of strokes to bring the 
intermediate and low-pressure cyUnders into action. Then the by-pass 
valves should be closed. If the pump is fitted with dash-relief valves, 
these should be closed before starting, keep the pistons as far from the 
heads as possible in starting. Should the pump exhaust into an inde- 
pendent condenser, this should be started and a vacuum obtained be- 
fore starting the pumps. 

To Start The Pump, the foregoing precautions having been observed, 
open the throttle slowly. Permit the pistons to work back and forth very 
slowly a few times, gradually increasing the velocity until full speed is 
attained. After the pump has been running a few minutes, close the 
drain cocks. If the pump has dash-relief valves, the length of stroke 
may now be carefully adjusted. 

To Stop The Pump, close the throttle, open the drain cocks, and (if 
there is one) close the gate valve in the discharge pipe. Finally shut 
down the condenser. If the pump is to remain stopped for some time, 
close the suction valve. 



79. The Causes Of Scoring Of Pump-Valve Stems and 
Piston Rods may be one, or all, of the three following: (l) 
Use of an improper packing j as a packing consisting of plain, 
unlubricated, hemp or rope fiber. (2) Permitting a fibrous 
packing to remain in the stuffing-box after it has become hard 
and brittle through age. When the packing attains this con- 
dition, attempts to prevent the steam from blowing out around 
the rod by drawing up on the gland will inevitably result in 
cutting and scoring the rod. (3) Use of an improper cylinder 
lubricant, as an oil containing an excess of animal fats. Such 
oils, in the presence of high temperature, evolve an acid which 
is particularly damaging to iron and steel. 
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80. Table Showing Duty And Steam Consumption Of 
Direct-Acting Pumps. Simple, Non-Condensing Steam 
Cylinder. (Values correct only for the typical efficiencies 
which are given. For other efficiencies modify values 
proportionately.) 



Non-jacketed, but lagged; wire drawing « 4.7 lb.; back press. « 16 lb. per sq. in. 



Boiler pressur 
Absolute initii 
M.e.p 


e 


50 
60 
44 
45 


70 
80 
64 
50.5 


90 
100 
84 
53.5 


100 

lie 

94 
55 


110 

120 

104 

56 


120 

130 

114 

57 


150 


%l press 


160 




144 
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Total 
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per 

cent. 


Actual duty, million ft.-lb. per 1,000 lb. 
dry steam — upper fig. Lb. dry steam 
used per water h.p. per hr. "■ lower fig. 
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161 


6 


65.0 


40.0 


26 


11.7 
169 


13.1 
151 


13.9 
143 


14.3 
139 


14.6 
136 


14.8 
134 


15.2 
130 


8 


70.0 


42.5 


30 


13.5 
147 


15.2 
130 


16.1 
123 


16.5 
120 


16.8 
118 


17.1 
116 


17.6 
113 


10 


75.0 


45.0 


34 


15.5 
128 


17.2 
115 


18.2 
109 


18.7 
106 


19.1 
104 


19.4 
102 


19.9 
100 


12 


77.5 


47.5 


37 


16.6 
119 


18.7 
106 


19.8 
100 


20.4 
97 


20.7 
96 


21.0 
94 


21.7 
91 


15 


80.0 


50.0 


40 


18.0 
110 


20.2 
98 


21.5 
92 


22.0 
90 


22.5 
88 


23.0 
86 


23.5 
84 


18 


82.5 


52.5 


43 


19.4 
102 


21.7 
91 


23.0 
85 


23.7 
84 


24.0 
83 


24.6 
81 


25.2 
79 


24 


85.0 


55.0 


47 


21.0 
94 


23.7 
83.5 


25.1 
79 


25.9 
76 


26.5 
75 


26.9 
74 


27.5 
72 



72 
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81. Table Showing Duty And Steam Consumption Of 
Pumps. Compound, Non-condensing Steam Cylinder (See 
limitations in Table 80.) 



Non-jacketed, but lagged; wire drawing » 4.7 lb.; back press. >■ 16 lb. per sq. in. 



Boiler pressure 

Absolute initial press 

Ratio of cylinders 

m.e.p. on area of h.p. cyl. 
Card duty, million ft.^b. 



50 


70 


90 


100 


110 


120 


60 


80 


100 


110 


120 


130 


1.94 


2.24 


2.5 


2.62 


2.74 


2.85 


58.0 


88.5 


120.0 


136.0 


152.0 


168.8 


60.0 


69.5 


76.5 


79.5 


82.0 


84.0 



150 
160 

3.16 
218.8 
89.0 





Mech. 


Steam 


Total 


Stroke, 


effic, 


effic. 


effic. 


m. 


per 


per 


per 




cent. 


cent. 


cent. 



Actual duty, million ft.-lb. per 1,000 lb. dry 
steam >- upper fig. Lb. dry steam per water 
h.p. per hr. = lower fig. 



6 



8 



10 



12 



15 



18 



24 



36 



65.0 


40.0 


26 


70.0 


42.0 


30 


75.0 


45.0 


34 


77.5 


47.5 


37 


80.0 


50.0 


40 


82.5 


52.5 


43 


85.0 


55.0 


47 


87.5 


57.5 


50 



15.6 
127 



18.0 
110 



20.4 
97 



22.2 
89 



24.0 
83 



25.8 

77 



28.2 
70 



30.0 
66 



18.1 
110 


19.9 
99 


20.8 
95 


22.9 
86 


23.6 
84 


26.0 
76 


25.7 
77 


28.3 
70 


27.8 
71 


30.6 
65 


29.9 
66 


32.9 
60 


32.6 
61 


36.0 
55 


34.0 
58 


38.2 
52 



20.7 
95 



23.8 
83 



27.0 
74 



29.4 
67 



31.8 
62 



34.2 
58 



21.4 
92 



24.6 
80 



27.9 
71 



30.4 
65 



32.8 
60 



37.4 
53 



39.7 
50 



35.3 
56 



38. 
52 



41.0 
48 



21.8 
91 



25.2 
78 



28.5 
69 



31.1 
64 



33.6 
59 



36.1 
55 



39.5 
50 



42.0 

47 



23.1 
85 



25.7 
74 



30.3 
65 



33.0 
60 



35.6 
56 



38.3 
52 



41.9 
48 



44.5 
45 



82. Table Showing Duty And Steam Consumption Of 
Ptmips. Compound, Condensing, Steam Cylinder. (See 
limitations in Table 80.) 
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X^p. cyl. jacketed and lagged; wire drawing " 4.7 lb.; back press. — 6 lb. per sq. in. 



Boiler pressu 
Absolute init 
Ratio of cyls 
^A e D on arc 


re 


70 
80 

3.65 
116.2 
91.0 


90 

100 

4 

151 

96.5 


100 

110 

4 

168.5 

98 


120 
130 
4 
203.5 
101.5 


150 
160 
4 
266 
104.5 


170 
180 
4 
291 
106.5 


180 


ial press 


190 




4 


, 


cvl 


308.5 


Card duty, million ft.- 


*' J *.•. 

lb 


107 






Stroke, 
in. 


Mech. 

effic, 

per 

cent. 


Steam 

effic, 

per 

cent. 


Total 

effic, 

per 

cent. 


Actual duty, million ft.-lb. per 1.000 lb. 
dry steam - upper fig. Lb. dry steam per 
water h.p. per hr. » lower fig. 


10 


76.0 


55.0 


41 


37.4 
53 


39.6 
50 


40.2 
49 


41.6 
48 


42.9 
46 


43.7 
46 


44.0 
45 


12 


77.5 


57.5 


45 


41.0 
48 


43.4 
46 


44.1 
45 


45.5 
44 


47.1 
42 


48.0 
42 


48.0 
41 


15 


80.0 


60.0 


48 


43.7 
45 


46.4 
43 


47.0 
42 


48.7 
41 


60.1 
40 


61.1 
39 


51.3 
38 


18 


82.5 


62.5 


52 


47.4 
42 


50.0 
40 


61.0 
39 


62.8 
37 


64.3 
37 


56.4 
36 


65.8 
35 


24 


85.0 


65.0 


55 


50.0 
40 


63.0 
37 


64.0 
37 


55.9 
35 


57.6 
36 


68.6 
34 


59.0 
33 


36 


87.5 


67.5 


59 


53.8 
37 


67.0 
35 


68.0 
34 


60.0 
33 


61.7 
32 


62.8 
32 


63.1 
31 


48 


90.0 


70.0 


63 


57.2 
35 


60.8 
33 


61.9 
32 


64.0 
31 


65.8 
30 


67.1 
30 


67.4 
29 



QUESTIONS ON DIVISION 1 



1. Wbat is a double-acting suction pump? 

1. Explain the operation of a double-acting suction pump. 

8. What velocity of water-flow is recommended for the suction-piping of steam 
pumps? For the discharge-pipe of a simplex pump? For the discharge-pipe of a 
duplex pump? 

4. What is a piston-jmrnpf A plunger-pumpf 

5. What is an oviaid&'pttcked plunger-'PutnpT An inaide-pouiked plunger^pumpf 

6. What is the distinction between an outside-end-packed plunger pump and an 
outside-center-packed plunger pump? 

7. For what maximum discharge-pressures are piston and plunger pumps respectively 
adapted? 

8. Explain the method of packing a water-piston with hydraulic packing. 

9. In what class of pump service are soft rubber-composition valve discs especially 
suitable? In what class of pump service are metal valve discs especially required? 

10. How are the water-valves arranged, with reference to the pistons or plungers, in 
boriaontal direct-acting steam-pumps? Which arrangement is commonly used in 
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pumps for high-pressure service? Which arrangement is recommended for vacuum 
pumps? 

11. What is the function of an air-chamber? 

11. Explain the operation an of air-chamber. 

18. Why are air chambers less necessary on duplex pumps than on simplex pumps? 

14. What is the highest level, consistent with good service, to which the water may 
rise in an air chamber? 

15. What is a snifter, as used in air-chamber service? How does it work? 

16. Describe a method of recharging air-chambers in pumping systems working under 
pressures up about 1,000 lb. i)er sq. in. 

17. What is the proper ratio of air-chamber volume to water-piston displacement in a 
single pump? In a duplex pump? In fire-pumps? 

18. What is the function of a vacuum chamber? 

19. Explain the operation of a vacuum chamber. 

10. What is a simplex steam-pumpf A duplex steam-putnpf 

11. What is meant by the term steam^hroumt as applied to the steam-valves of 
simplex pumps? 

18. Upon what adjustment does the length of stroke of simplex pumps with external 
valve gears commonly depend? 

13. Assuming that the crossheads are properly secured to the piston-rods, what three 
principal adjustments are necessary for correctly setting the steam-valves of a direct- 
acting duplex pump? 

84. What is the three-fold function of the valve-stem lost-motion in duplex direct- 
acting steam pumps? 

88. Describe the cycle of steam-valve motion in the operation of a duplex pump. 

88. What disadvantage ordinarily results from incorrect adjustment of the valve- 
stem lost-motion in duplex pumps? 

87. Describe a method of marking the striking-points of duplex-pump pistons. 

88. How much lost-motion should the steam valve-stems of duplex pumps ordinarily 
have? 

89. What is meant by compreasion-apaee in the steam-cylinders of duplex pumps? 
SO. What are cushion-valves on duplex pumps? 

31. What are the advantages of simplex steam-pumps as compared with duplex 
steam-pumps? What are the disadvantages? Which type is recommended for fire- 
protection service in buildings? Which type is recommended for use in connection 
with surface condensers? Why? 

38. What considerations govern the proportioning of water-piston areas to steam- 
piston areas in boiler feed pumps? What is the usual proportion? 

33. What two principal considerations govern the selection of a direct steam driven 
boiler feed pump? 

34. What are the causes which may impair the efifectiveness of a pump when it is in 
service? 

88. Explain some conditions which may cause a pump to fail to raise water. Give 
remedies for each. 

88. Explain the method of repairing the steam valve and valve seat in a pump 
when they are badly worn. 

87. Enumerate and explain the successive steps in erecting a pump. 

88. Discuss steam-pump lubrication. 

89. Explain how a pump should be started. 
40. What are the steps in stopping a pump? 

PROBLEMS ON DIVISION 8 

1. A direct-acting steam-pump for low-speed service has a plunger diameter of 12 in. 
The plunger is inside-packed. The plunger-rod is of 3-in. diameter. How many 
flat disc valves, each of 4-in. diameter and 0.25-in. lift, should there be in each set of 
suction and delivery valves in this pump? 



DIVISION 3 

CRAUK-ACTION PUMPS 

83. Cronk-ActiOD Pumps include piston or plunger pumpe 
of all forms which depend for their operation on the circular 
motion of a crank-shaft. They may be classified as follows: 
(1) Crank-and-fly-wheel pumps in which the reciprocating move- 
ment of the pump piston or plunger is derived directly (Figs. 



Fia. 84. — Stearo-Driven Crank-And- Fly-wheel Pump. 

84 and 86) or indirectly (Fig. 86) from the reciprocating 
movement of a piston in a steam cylinder but is dependent 
for its continuance upon the inertia effect of the rotative move- 
ment of a crank-shaft and fly-wheel. (2) Crank-action power 
pumps in which the reciprocating movement of the pump 
piston or plunger is derived from the rotative movement of a 
mechanically-driven crank-shaft. Figures 87, 88 and 89 show 
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belt driven power pump and Fig. 90 ehowa a gear driven power 
pump. 



■onUt Beotlon Of 1 



I Duplex OBDk-And-Flr-WbwI 




Pla. Se. — Cnnk-AotioD Pump Of The Walking-Bom Type (Pumpt Of This Type . 



81. In The Operation Of Crank-And-Fly-Wheel Pumps 
the Bteam is worked expansively in the driving cylinders 
instead of being admitted during the entire stroke of the piston 
(Sec. 90), as in the operation of direct-acting steam-pumps. 



Sec. 84] CRANK-ACTION PUMPS 77 

Hence, a fly-wheel ia necesHary to insure approximately uni- 
form movement throi^hout the stroke. (See the author's 
Steam Engines.) The pump piston or plunger ia usually 
connected directly to the piston-rod (Fig. 91) of the driving 
cylinder. Hence, the function of the crank-and-fly-wheel is 
only to insure minimum variation of the rotative speed. 



Crank-and-fly-wheel pumpa are generally more economical 
than direct-acting steam pumps. This is due to the expansive 
use of steam in the cylinders and to the better valve action 
which is obtained, as in the steam engine, by the use of 
properly-designed Corliss and slide valve-geara. Hence, they 
are chiefly employed where steam-driven pumps are desired 
but considerations of economy preclude the application of the 
direct-acting type. 
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belt driven power pump and Fig, 90 shows a gear driven power 
pump. 



Phj. M. — HoriiODti 



f A Doi^le-Aelini Duplex Cnok-Atld-Flr-Wlieel 



Fia. 88. — Cnnk- 




84. In The Operation Of Crank-And-Fly-Wheel Pumps 
the steam is worked expansively in the driving cylinders 
instead of being admitted during the entire stroke of the piston 
(Sec. 90), as in the operation of direct-acting steam-pumps. 



Sec. 841 CRANK-ACTION PUMPS 77 

Hence, a fly-wheel is necessary to insure approximately uni- 
form movement throughout the stroke. (See the author's 
Steam Engines.) The pump piston or plunger is usually 
connected directly to the piston-rod (Fig. 91) of the driving 
cylinder. Hence, the function of the crank-and-fly-wheel is 
only to insure minimum variation of the rotative speed. 



Low-Servioe Belt-Driven Fumpa, 

Crank-and-fly-wheel pumps are generally more economical 
than direct-acting steam pumps. This is due to the expansive 
use of steam in the cylinders and to the better valve action 
which is obtained, as in the steam engine, by the use of 
properly-designed Corliss and slide valve-gears. Hence, they 
are chiefly employed where steam-driven pumps are desired 
but considerations of economy preclude the application of the 
direct-acting type. 
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»Dg, about 50 lb. of steam per indicated horse power hour. 
H^h^iuty crank-and-fly-wheel pumps with compound steam 
cylinders and Corliss steam valves consume, when operated 
non-condensing, about 25 lb. of steam per indicated horse 
power hour. With condensing operation, the steam consump- 
tion of these high-duty pumps may be aa low as 10 lb. of steam 
per indicated horse power hour. 

86, The Advantages And Disadvantages Of Crank-And- 
Fly-Wheel Pumps in comparison with direct-acting ateam- 
pumpe may be enumerated as follows: (1) Steam-conaumption 



Fio. 93.— Tripki Pump Far Heavy Liquida. 

is generally more economical. (2) May be run at higher speeds 
for most classes of service. (3) First cost is greater. (4) 
Require greater operating attendance. (5) Cost of maintetumce 

is greater. 

Note.— The water-ende of crank-action pumps are built in many 
respects like the water-ends of direct-acting pumps, which are discussed 
in the preceding Div. The information there given relative to the care 
of valves, packing, and management in general applies here to pistone, 
glands, plungers, and other parts. The subjects of piping, pressures, 
heads, suction and the like are also largely omitted here as they are dis- 
cussed in DivB. 1 and 2. 



CRANK-ACTION PUMPS 



Fla. S4. — SBDtioiul TIew Of Sincle-Aotina Triplex Pmni). 



>. 9fi.— Seotion»l View Of Doubls-AcUm Triplei Pump. 
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87. Crank-Action Power Pumps may be divided into three 
main classes: (1) Simplex power pumps (Fig. 87) in which the 
pumping operation is performed by a single piston or plunger, 



OnCranlc Shaft. 




By Motor ThrODsb Spur ( 



(2) Duplex power pumps (Fig. 90, 200, and 201) in which the 
pumpiDg operation is performed by two pistons or plungera 
operated by a common crank-shaft. (3) Triplex power pumps 



Sec. 871 CRANK-ACTION PUMPS 83 

(Fig. 93) in which the pumping operation is performed by 
three pistons or plungers operated by a common crank-shaft. 
These pumps may all be single acting (Fig. 94) or double 
acting (Fig. 95). If the pump is double acting, the plunger 
may be in two parts as in Fig. 53. 



Fia. 99.— "Goolda" Triple! Deep Open-Well Pump. 

NoTK, — Power may be supplied to power pumps by electric motors 
(Fig. 96), gas or gaaoline engines, wBit«r-wheels,s(«aiiienginea or line-shaft- 
ing variously driven. This power may be transmitted to the crank-shafts 
of the pumps by means of belia (Fig. 97), chains (Fig. 98), gears or rope- 
drives. The pump crank-shafts may also be connected directly to the 
drive-shafts of the prime movers. 



84 
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88. Crank-Action Power Pumps Are Designed And 
Arranged In Various Ways For Deep-Well Service. — Since 
wella are frequently more than 22 feet (practical auction lift, 
Sec. 2) deep, it is often necessary to install pumps with their 
cylinders below the ground level so as to force the water out 




Fio. 100.— A Motor-Drivea Deep-Well Pump. 

by pressure. Sometimes wells have large sectional areas and 
are comparatively shallow. For such, the under-ground por- 
tions of the pumps may be installed (Fig. 99) very much like 
ordinary power pumps. Fhey are, however, provided with 
elongated plunger-rods which connect to the crank-shafts 
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located above ground. More often deep wells are merely 
drilled holes ranging possibly from 2 inches to 
12 inches in diameter protected by metal-tube 
casings. They may be several hundred feet 
deep. For such wells it is necessary to use 
the so-called deep-well or arteaian-well pumpe 
(Fig. 100) which have been especially de- 
signed for this service. 

89. Crank-Action Pumps For Deep-Well 
Service are of three kinds: (1) Single-acting 
pumps dischai^ing on the up-stroke only 
(For exception see Sec. 90), Fig. 101. (2) 



Fra. 101.— Cylinde 

Of Sin(le-Aiitin« Deef 
WeU Pump. 



Double-aciing pumps having one plunger but discharging on 
both the up-stroke and the down-etroke, Fig. 102. (3) Two- 
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stroke pumps having two plungers 
operating in one cylinder controlled 
by two well-rods, Figs. 103 and 104. 
Pumps of this last type discharge 
almost coDtinuously and are fre- 
quently used in deep-well service. 

NoTS. — SouE En a INKERS Prefbr An 
AiR-Lirr for certain deep-well pumping 
applications, because it has no moving 
members {except the compressor), is inex- 
pensive, and has no parts requiring repair 
underground where they are inaccessible. 
They are not as efficient from a power 



Flo. 104.— Deep- Well Pump 
Cylinder Fitted With DiSer- 
entudlr-Operstiiis Pluncen. 
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standpoint as pumps but are proof against damage by grit and are not 
likely to get out of order. 

Explanation. — Fig. 100 shows a typical motor-driven deep-well in- 
stallation. It may be aiogle-acting if used with the cylinder and plunger 
of Fig. 101 or double-acting if used with the cylinder and plunger of 
Fig. 102. The lower ball-valve (Fig. 101) opens on the up-stroke allow- 
ing the pump to fill with water. On the down-stroke, the lower valve 
seats and the upper valve opens allowing the water in the cylinder to 
flow paat the plunger. On the next up-stroke, the water is lifted up the 
drop-pipe. The double-acting plunger (Fig, 102) operates similarly to 
the single-acting plunger on the up-stroke. On the down-stroke, how- 
ever, the water, instead of merely passing the plunger, is forced up the 
drop-pipe through the hollow plunger-rod. Meanwhile more water is 
drawn into the upper part of the cylinder through the hollow tail-rod. 

90. A Compound Or Two-Stroke Deep-Well Pump Operat- 
ing Gear is shown in Fig. 103. Its plungers and cylinder, 
which are located undei^roimd, are sim- 
ilar to those shown in Fig, 104. The two- 
stroke type of pump has the advantage 
over the single-acting type that it insures 
a more nearly continuous movement of 
vertical water column. Its advantage 
over the single-plunger type is that the 
two plungers are of about the same 
weight and balance each other; as one is 
going up, the other is coming down. 

Explanation. — As the geared cranks A and B 
(Fig. 103) revolve, one or the other of the two 
plungers L and T (Fig. 104) is on the up-stroke 
continuously, except at dead-center. When the 
plunger 7 is on the up-stroke, its valve V\ seats 
and water is forced by it up the drop-pipe, while 
valve Vi (Fig. 105) opens and allows water to 
pass plunger L which is then on the down-stroke. 

On the return stroke, the valve Vj seats and Fm. lOS. — Crow Section 
wat«r is forced through valve Vi and on up the "^^ ^""p Plunger Shown 
pipe. ■•'^■™- 

Note. — Moat deep-well pump plungers are packed with leather oup- 
washers (Fig. 106). The plunger rods at the top of the drop pipes are 
packed, usually, with fibrous packing in the same way as are piston-rod 
glands. The valves used are either bali-valves (Fig. 101), disk valves or 
conical seated valves (Fig. 107). Plunger-rods or well-rods of the single- 
acting type are usually of wood with steel fittings and should be fitted 
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with guide^ouplings (Fig. 108) which slide on the inside of the drop- 
pipea and prevent the rods from buckling. Well-rods for double-acting 
pumps are generally made of wrought iron pipe, on account of the com- 





pression strain on. the down stroke. Guide-couplings should be used 
about every twenty feet. Two-stroke pumps have a soUd steel or iron 
rod (Fig. 109) driving the lower plunger (Fig. 110). This rod slides 



Fia. 108.— Mloel Guide CoupUnj For Well-Roda Of Deep-Well Pumpa. 

inside of a hollow tube or pipe which drives the upper plunger (Fig, 111). 
Both rods must be guided and packed. In open-well pump installatioUB, 
the plunger roda are guided (Fig. 99) with grooved rollers. 






\s For Operating Pluogen Of Two-Strake I 



91. The Characteristics Of Crank-Action Pumps are very 
different from those of pumps of the direct-acting type. Com- 
pare the indicator diagrams for the steam- and water-ends of 
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the crank-and-fly-wheel pump shown in Fig. 112 with cor- 
responding ones for direct-acting pumps shown in F^s. 22 
and 23. The difference between the diagram for the steam- 
end in Fig. 1 12 and that in Fig. 22 is due to cut-oS at about one 
third stroke in the crank-action pump and non-expansive 
use of steam in the direct-acting pump. The difference 
between the water-end diagram shown in Fig. 112 and that 
shown in F^. 23 is due partly to the more rapid movement of 



the piston in mid-stroke in the crank-action pump and uniform 
movement throughout the stroke in the direct-acting pump. 
The type of water-end diagram of Fig. 112 is characteristic 
only for low-pressure and high-speed crank-and-fly-wheel 
and power pumps. Higher pressures and lower speeds in 
crank-action pumps produce indicator diagrams which are 
more nearly rectangular. The higher-speed water-end dia^ 
grams are characterized by sharp pressure peaks and very 
irregular pressure curves. 
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Fia. 114. — Graph Showing Rates Of Suction And DiKharse Of The Individual 
CyUndere Of A Duplex Siii«1e-Actin( Pump With Cranlu ISO de*. Aput Or Ot A 
Simplei Double-Acting Pump. 
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92. The Rate Of Suction And Dischai^e Graphs for a sim- 
plex single-acting crank-action pump are shown in Fig. 113. 
The lines of no-discharge and no-suction are separated to show 
the intermittent nature of the action of pumps of this type. 



Fio. lis. — Graph Rat«a 0< Suction And DiHharse Of The Individual Cylindere {A, 
B Bitd C. I1«. 117) or A Bingle-Acting Tripl«i Pump. Abo The ResuIUat Or Tot&I 
DbohaiiB Of AU Of The CyUnders. 

Fig. 114 shows graphically the suction and dischai^e rates for 
a single-aUing duplex pump with cranks 180 deg. apart. A 
do^U-acting simplex pump has the same characteristics. 
Pumps of these types have instants of inaction at the ends of 
the strokes as shown at A on the graphs. 

Explanation. — Thb Suction And Discharqe Graphs For A Tbi- 
FLEX Pump aimilar to the one shown 
in Fig. 93 are shown in Fig. 115. A 
pump of this type has a crank-shaft 
(Fig. 116) having three cranks which 
are set 120 deg. apart. Fig. 117 shows 
diagram matically the position of each 
crank separately at a given instant. 
The graphs in Pig. 116 show the rates 
of discharge and suction of each of 
the individual cylinders A, B, and C F'" 
(Fig. 117) and also of the whole pump. 
The line XX' (Fig. 115) represents the position of the plungers at the 
instant considered in Fig, 1 17. The distances of the points A', B', and C 
from the line of zero auction and zero discharge (Fig, 115) represent the 
rates at which the cylinders A, 8, and C are sucking or discharging 
at the instant considOTed. Cylinder A is at dead-center and, therefore, 
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point A' is on the zero discharge line. Cylinder B is nearing its maximum 
rate of dischai^ as shown by the rise of graph B at B'. Cyliader C 
has passed its maximum rate of suction, as shown by the upward slope 
of the graph C at C. Graph Y represents the total discharge rat« and 
graph Z the total suction rato of the pump. 



Fio. 117.— Di.wr.nim.tie Illu.tr.tion Of A Single-Aci 




Aebtive Position. Of lU Element. At A Givsn In.t.nt. 




for gnpha.) 





93. The Allowable Speed For Crank-Action Pumps varies 
over a wide range according to conditions. The following 
values are from various sources: 

94. Table Shovring Typical Crank-Action-Pump Piston 
Speeds. 



Type of pump 




Piston speed, 

feet 

per minute 










IS inch stroke crauk-and-fly-wheel pump 


200 






Water supply pumps 5" X 12" to 9" X 16 


' 50 lb. to 




Water supply pumps 5" X 12" to 9" X 


6" up to 













NoTii. — For thick liquids and high suction lifts the allowable piston 
tpeeds are lower than specified above. 
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96. Selection Of Pumps For Liquids Other Than Water 

(Marks' Handbook) should be discussed usually with the 
pump manufacturers. The following indicates usual practice: 



liquid 


Material 


Liquid 


Material 


Brine 

Caustic 

Hydrochloric acid 


Brass fitted 
All iron 
Lead lined 


Oil 
Sewage 


Brass fitted 
Brass fitted 
Large openings 



Note. — Corrosive Liquids are handled ordinarily by air pressure or 
in properly-lined centrifugal pumps. Gummy liquids are handled pref- 
erably in pumps with large ball-valves. Volatile non-corrosive liquids, 
such as alcohol and gasoline, may be handled the same as water except 
that the liquid must always flow to the pump by gravity. 

96. Selection Of Proper Pump Power And Capacity is a 

matter of computation, as explained in Div. 1, but the follow- 
ing table of typical pump data shows, in a general way, the 
size and power necessary for a given capacity. 

97. Table of Typical Crank-Action Pump Data. 



Type 


Bore 

and 

stroke, 

inches 


Speed, 
r.p.m. 


Power re- 
quired in h.p. 
per 100 lb. 
per sq. in. 
head 


Pulley 
size, in. 

• 


Capacity, 
gal./min. 


Single-action 
duplex or 

Double-action 
simplex. 


2X2 
3X4 
4X6 
6X8 
4X 12 
10 X 12 


65 
55 
55 
50 
42 
40 


♦0.24 
♦1.00 
*3.11 
*6.40 
♦3.96 
♦23.00 


12 X IH 
14 X 3 
18X33^ 
20 X 5 

18 X3H 
24 X6 


*3.4 
♦13 
♦35 
♦95 
♦64 

♦320 


1 

Single-action 
Triplex. 


2X2 
3X4 
4X6 
6X8 
8 X 10 


60 
55 
55 
60 

45 


0.32 

1.52 

4.65 

11.10 

21.00 


12 X 2 
15X3 

20X4M 
30 X 6 
36 X 6 


4.7 

20 

53 

146 

292 



♦ Duplex double-acting pumps at the same speed give approximately 
twice these capacities and require twice the power and pulley width. 
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Note. — Crank- And-Plt-Wbbxl Pump Sizes cannot be figured from 
the relative boiler pressure and working pressure as can direct-acting 
pump sizes (Sec. 50). Because of the 
cut-off at partial stroke of crank-and- 
fly-wheel pumps, the horsepower of 
the steam cyUnders must be found 
and the capacity figured as for power 
pumps. 

98. The Advantages Of The 
Electrically-Driven Pumping 

Unit are: (1) It may be located 
many miles from the source of 
power and still operate with very 
high efficiency. These values are 
typical: — Idne efficiency, 90 per 
cent. Motor, 85 per cent. Pump 
and gearing, 82 per cent. Over- 
all efficiency 63 per cent. For 
steam or air-operated pumps 

\ which are installed a coDsider- 

able difltance from the source of 

! power, the over-all efficiency 

would probably be under 25 per 
cent. (2) Automatic control is 
effected readily with electricity. 
Electrically-driven pumps may 
be started and stopped by a 
float-operated switch which will 
maintain a required level in the 
Fio. 117X.— Vftite-Kimes Single- Supply tank. Elcctrically- 

DiB^e^t^rpXr^f^^r'cI'n^ operated pumps may readily be 

tiDuaiu Diaciuuge. (The piunaer, c, an Controlled from any reasonable 

its up strokE diiich>rg« biLii o( iw di.- distance. 

placement out the diacharee, F, or iDto 
the Kir-chBoiber. H. The other half ie 
drawn into diffcrontua cyUnder, E. by NoTB. — The choice Of a method of 

the upwurd movement of D, On the driving a boiler feed pump is dis- 

down stroke, A elo.« and the water in ^^gg^j j„ q^^ 214 tO 219. The prin- 
BisdMCharaedoutFby C.) . , .i- j .t ■ , . 

CI pies outlined tberem are of general 
application, and are useful in selecting driving means for a variety of 

purposes. 
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99. Simplex Double-Acting Pumps are manufactured for a 
great variety of purposes. Many non-corrosive oils, solutions 
and other liquids are handled in factories by such pumps. 
The sizes range ordinarily from around 2 in. bore and stroke to 
around 6 m. bore and stroke for general service. Small 
water-supply systems can often be served effectively by piunps 
of this simple type. Simplex pumps of small capacity have 
the advantages of lower first cost and greater ease of repair 
than more complicated piunps. In the larger capacities 
these advantages disappear. Simplex pumps are seldom de- 
signed single-acting because of the intermittent discharge due 
to such action. Single-acting deep-well pumps are an exception 
but the discharge is made regular in some such pumps by a 
differential cylinder, which is located near the discharge out- 
let and discharges haK the water on the upstroke and half 
on the down-stroke (Fig. 117A). 

100. The Use Of Duplex Single-Acting Pumps is confined 
largely to a few special applications where it is necessary to 
reduce the first cost below that of a triplex pump. They are 
now made seldom, if ever. The intermittent discharge may 
be a decided disadvantage. For the average service, the 
duplex single-acting pump has no advantage over the standard 
simplex double-acting pump. 

101. Crank-And-Fly-Wheel Pumps range in size up to 
perhaps 10 ft. stroke by 4 ft. bore for municipal pumping 
service. The large pumps of this type are usually compound 
duplex or triple expansion triplex. Crank-and-fly-wheel pumps 
are, on account of their high economies, used occasionally 
for medium duty, although their first cost is greater than that 
of either the centrifugal or direct-acting pumps with which 
they are in competition. 

Note. — Centrifugal pumps driven by motors or steam turbines are 
superseding crank-and-fly-wheel pumps for large municipal pumping 
installations. The centrifugal unit usually deteriorates less in efficiency 
with constant use than does the reciprocating unit. Furthermore, the 
much smaller size and weight of the centrifugal unit for a given capacity 
make its installation less expensive. These features are conducive to 
lower annual costs. 



^ 
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102. Duplex Double-Acting Power Pumps are manufactured 
in sizes ranging from perhaps 2 in. bore, 4 in. stroke to 14 in. 
bore, 12 in. stroke for mine pmnping, boiler feeding (in the 
smaller sizes), drainage and general water-supply purposes. 
The additional parts necessary for the two cylinders of these 
pumps are justified by the smaller size of the parts and the 
better characteristics of the duplex* pump. The cranks of 
these pumps are usually set 90 deg. apart so as to give four 
maximum discharge peaks per revolution. 

103. Triplex Single-Acting Power Pumps are in competition 
with duplex douhU-acling power pumps for most classes of 
service and the choice of design varies with the manufacturer. 
The triplex single-acting is a more compact upright type of 
pump. The duplex double-acting type is more common in the 
horizontal design because of the extra length of guides neces- 
sary for double action. There is some advantage in the triplex 
single-acting construction for hydraulic press work because the 
strains are more easily taken care of by the single-acting form 
of plunger and connecting rod. Triplex pumps are more 
commonly used than are duplex pumps. 

104. Triplex Double-Acting Ptunps are used occasionally 
for certain special applications in large units for high-pressure 
pumping. For the average application they possess no advan- 
tage over single-acting triplex pumps. There are compara- 
tively few in use. 

Note. — Multi-stage centrifugal pumps are now used for many ser- 
vices where it was formerly considered that the head or pressure was too 
high for a centrifugal pump to work against. The efficiency of a cen- 
trifugal pump is usually somewhat less than that of a new crank-action 
pump. However, the centrifugal pump has advantages such as compact- 
ness, simplicity, low up-keep and long-continued efficiency that under 
many conditions offset this disadvantage. 

106. The One General Rule In Selecting A Pump is first 
to find which types of pumps will satisfy the capacity require- 
ments of the service being considered and be reliable under 
the conditions. In so doing, consider: (1) Liquid to be handled. 
(2) Attention required, (3) Characteristics. (4) Capacity ^ head 
and power. Then, the eligible types having been determined, 
select that type which will show the least annual cost or the 
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leaet cost for pumping a certain quantity of water, on the 
basis of: (1) Interest on investment. (2) Depreciation. (3) 
Maintenance. (4) Power cost. Often this determination 
may be made most conveniently on the basis of pumping the 
quantity of liquid which the pump must handle in a year. 
106. Modem Pump Applications. — The words in the 
spaces (Fig. 118) refer only to crank-action pumps. It is 
understood that only one pump at a time is being considered. 
Greater capacities can be obtained, of course, by installing 
several pumps in parallel. Greater heads can sometimes be 



Fia. lis. — Modern Pump ApplieBtioni. 

obtained by installing several pumps in series. The diagram 
should be studied in connection with 8ecs. 95 to 105. The 
letters S and D refer to single or double-action. The type 
names which are imderscored, indicate the type ordinarily 
preferable for the stated conditions. 

107. To Compute The Horse Power Rating Which A Motor 
Should Have to Operate A Deep-Well Pump use the following 
formulas which were derived from data in the Goulds Mfg. 
Co. catalogue. 

When the pump operates single-acting (Fig. 101) or two- 
stroke (Figs. 103 and 104) : 

(48) Pmp fsM^' (l**"^^ power) 
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When the pump operates douhU-ading (Fig. 102) : 

(49) P5.P = ^'"^^"Siw ^'^^ ^^"""^ ^"^^^^ 

Wherein: P^p = the required horse power. Vgm = the quan- 
tity of water pumped in gallons per minute. LhmT = the total 
measured head against which the pump works in feet. Lf = 
the length of the plunger rod in feet. K = a constant taken 
from Table 108 by which the weight of the plunger rods and 
couplings is included in the computation. 

Note. — ^The quantity K is ignored in For. (48) because the weight of 
the single-acting rods which have to stand tension only is not great enough 
to enter into the calculation. The two-etroke pump plunger rods bal- 
ance as explained in Sec. 90. 

Example. — A twoHstroke deep-well pump (Fig. 103) is required to 
deliver 100 gal. of water per minute against a total measured head of 
200 ft. What should be the horse-power rating of a motor which is to 
drive this pump? 

Solution.— By For. (48), Vup = 7,«L*«r/1300 = 100 X 200 -«- 
1300 = 15 A. p. ap'proximaJtely, 

Example. — A double-acting single-plunger pump is required to draw 
125 gal. per min. of water from a well 150 ft. deep and deliver it into a 
tank 100 ft. above ground. The bore of the pump cylinder is 5.75 inches. 
What should be the horse-power rating of a motor to drive this pump? 

Solution. — The total measured head = 150 + 100 = 250 ft By 
Table 108, the value of K for a 5.75 inch pump = 0.56. By For. (49) 
Pwp = Vgm(LHmT+LfK)/^0QO = 125 X [250 + (150 X 0.56)] -t- 2000 = 
20.9 ^.p., or 21 h.p, practically, 

108. Table Of Head-Pressure Equivalents K For. (49) Of 
Weight Of Deep-Well Pump Plunger Rods. 



Dia. pump 


K or head per 


Dia. pump 


K or head per 


cyl. inches 


ft. of rod 


cyl. inches 


ft. of rod 


2.25 


0.96 


4.75 


0.59 


2.75 


0.69 


5.75 


0.56 


3.25 


0.72 


6.50 


0.46 


3.75 


0.73 


7.50 


0.36 


4.25 


0.60 


8.50 


0.40 



109. Leather Cup-Washers For Deep-Well Pump-Plungers 

should be of the best quality of oak tanned leather. Soft 
spongy leather is utterly unsuited for this service. 
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NoTB. — LB&thts packing should be thoroughly greased with pure tal- 
lov. The tallow should be worked into the leather with the fingere be- 
fore the cup is put into place. Satisfactory lubrication may also be 
secured by soaking the cups in neatsfoot, sperm, or castor oil for an hour 
before putting them into place. In no case should mineral oil be used. 
Treatment with ordinary machine oil, 
which contains a miners ingredient, 
tends to rot the leather luid render it 
pulpy. 

Note,— To Mabb A Sht Of Cup- 
Washkrs For A Fvup Pldnobb, 
proceed as shown in Fig. 119. The 
cast-iron mould, M, should be made 
with di equal to the diameter of the 
pump oyhnder and 5 ^i in. greater 
than the thickneee of the leather, 
(Table 110). The radius of the j 
mould at R should be about one 
third the height of the washer. A 
disk of leather, the proper diameter aud thickneee, is soaked in water until 
soft. Then it is drawn down elowly into shape by means of the 
bolt The protruding edge is then trimmed off flush with the matrix. 
Aft«r ten houre or more, the leather is removed and well greased with 

110. Table Of Dimensions Of Cup-Washers For Pump 
Plungers. 



Diamet«r of pump 
cylinder in inches 


Thickness of 
leather in inches 


D 

Depth of cup 

in inches 


2 
3 

4 
6 

a 


Hi 
He 
H 
H 
H 


% 
H 

1 



QUESTIONS OR DITISIGn I 



I. What wo the two princip.l 




t. Why may ateam be used 


iDBOeively in CTBok-aad-fly-wheet pumps and not in 






». Give V.1U0. for the 8t«iD 








«. What lire the ciiudvantaaea 
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5. What two kinds of deep well pumps force water up the drop pipes in a fairly 
continuous stream? What kind does not? Can this last kind be made to give fairly 
continuous discharge? How? 

6. Explain, with a sketch, the operation of a double-acting single-plunger deep-well 
pump. Of a two-stroke pump. 

7. What do the graphs of Figs. 112, 113 and 115 represent? What do they show 
about the action of various kinds of pumps? 

8. Under what condition can alcohol and gasoline be pumped satisfactorily? 

9. Give several advantages of electric dr've for a remotely located pump. 

10. What type of pump is superseding the large crank-and-fly- wheel pump? Why? 

11. What is the advantage of the simplex double-acting pump for small capacity 
requirements? 

It. Name two widely-used tjrpes of crank-action power pump other than the simplex 
double-acting tsrpe. Which of the two is most commonly used? 

IS. Outline a method of arriving at a proper choice of power pump. 

14. What is a cup washer for? Explain by a sketch how to make one. How should 
it be lubricated? 

PROBLEMS ON DIVISION S 

1. Compute the proper horsepower rating for a motor which is to drive a single-, 
acting deep- well pump delivering 150 gal. per min. against a total measured head of 
225 ft. 

t. Compute the proper horsepower rating for a motor which is to drive a double- 
acting deep-well pump having a displacement of 0.9 gal. per rev. at 30 r.p.m. The 
well rod is 175 ft. long and the pump discharges 50 ft. above the base of the generating 
gear. Cylinder diameter is 2^ in. 






to 
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111. The Development Of The Centrifugal Pump started 
with its invention in about 1680. The first centrifugal pump 
built in America (Fig. 120) was called the Massachusetts 
pump. This was a crude affair of low eflSciency. Only 
during the last 20 years has much improvement been made 
over the Massachusetts pump. This seemingly slow develop- 
ment has been due to the fact 
that the centrifugal pump is 
inherently a relatively -high- 
speed machine. Formerly, there 
was no motive power well adapted 
to drive it. The introduction of 
the electric motor and the steam 
turbine, which are inherently 
high-speed machines, led to 
further development. Hence the 
demand for centrifugal pumps 
is now great and is steadily 
increasing. 




The Massachusetts 
Pump. 



Note. — ^A large portion of the material contained in this Div. is based 
on that from publications of The Gotdds ManvfcLcturing Co., to whom 
credit is hereby given. 

112. A Centrifugal Pump is a pump that, as will be ex- 
plained later, depends upon centrifugal force or the variation 
of pressure due to rotation for its action. When any body 
is constrained to move in a curved path, there is a force which 
tends to impel the body outward from the center. This 
force is called centrifugal force. 

113. The Theory Of The Centrifugal Pump may be illus- 
trated (Figs. 121 and 122) by the phenomenon of a bucket of 
water which is whirled around the head in a circular path. 
If the bucket of water is whirled at a sufficiently-high speed, 
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. ^c«;Of.t>he w«ter fvill spill, even when the bucket is in the 

• -porfWoH shdwn ^ti'-Fig. 121. The force which holds the water 

against the bottom of the bucket is centrifugal force. Now if 




Fio. 121.— nil 




Fio. 121.— Showing That Centrifucal 
Force C&usee The Water To Flow Out- 
wanl ThiDugh The Bole In The Bucket. 



a hole is cut in the bottom of the bucket, the water will bo 
forced out through the bole (Figs. 123 and 124) and will be 
thrown upward into the air. 
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EzpiiANATioN. — Suppose that the boy's arm ia a euction pipe and that 
hie body is a reservoir containing water (Fig. 125). The centrifi^al 
force of rotation throws the water from the bucket. This tenda to pro- 
duce a vacuum within the bucket and ^ 

suction pipe. If the surface of the 
water in the reservoir ia open to the 
atmosphere, the water will be forced to 
rise in the suction pipe by the atmos- 
pheric pressure and will be pushed by 
the centrifugal force out through the 
hole in the bucket so long as the end 
of the pipe (Fig. 125) is submerged in 
the water and the bucket is rotated at 
a sufficiently-high speed. Roughly, 
this illustrates the theory of the cen- 
trifugal pump. 

114. The Commercial Cea- 
trifugal Pump (Fig. 126) is 
merely a modification of the ap- 
paratus shown in Fig. 125. The 
impeller, rotating within the cas- ; 
ing, C, corresponds to the rotating 
bucket. Water enters the impeller through an inlet hole 
around its center, 0. The rotation of the impeller imparts cen- 
trifugal force to each particle of water, which causes the 




FiQ. 126. — Single-stage. Single-Suction Volute Centrilueal Pump. 

water to be thrown outward. Thereby pressure ia created 
back of each particle of water and the water is discharged 
from the impeller into the case, C. The contour of the im- 
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peller blades is so designed that the water enters the 
blades, passes through them and is discharged with a minimum 
of friction. 

Explanation. — ^The water upon entering the pump at 0, (Fig. 127) 
is caught between the vanes of the impeller which are rotating. This 
rapid rotation of the water sets up a centrifugal force, F, and forces the 
water outward against the pump casing, C, just as the boy swinging the 
bucket over his head (Fig. 121) created a centrifugal force which pressed 
the water against the bottom of the bucket. The pressure which is 
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FiQ. 127. — Centrifugal Force Created By Rotation Of Impeller Vanee. 



thus set up may be imagined to be transmitted by the water, from 
particle to particle, entirely around the inner periphery of the casing to 
the discharge nozzle. The water is thus caused to rise in the dis- 
charge pipe P, just as the water was forced out through the hole in the 
bottom of the rotating bucket. The water will rise in the pipe until the 
pressure due to the water column in P just balances the centrifugal force 
F. Suppose the speed of rotation of the impeller /, (Fig. 127) is such that 
a centrifugal force of 43.4 lb. per sq. in. is produced on the casing. Sup- 
pose the nozzle and discharge pipe, P, have a crossHsectional area of 
1 sq. in. Water will then rise in the discharge pipe until the weight of 
the water colunm is 43.4 lb. The height of a water column 1 sq. in. in 
cross section having a weight of 43.4 lb. is (Sec. 5) 100 ft. It wiU be 
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shown later that the impeller velocity which is required to lift water 
vertically 100 ft. is the same as that velocity which the water would have 
after freely faUing through a distance of 100 ft. 

Note. — There Are Other Factors Which Have Considerable 
Effect upon the efficient operation of centrifugal pumps, such as elimi- 
nation of eddy currents, efficient transformation of kinetic energy to 
pressure without shock, etc. These are principles of design and are 
not within the scope of this book. 

115. A Freely Falling Body Will, If It FaUs Through A 
Certain Height, Have A Certain Velocity, or speed, at the end 
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of its fall. Suppose there is a body, say 
a bucket of water, on the top of a building 
(Fig. 128) which is 100 ft. high. If the 
bucket is pushed oflf and allowed to fall, 
it will fall with a continuously increasing 
speed until it strikes the earth. If it is 
now impelled upward with an initial 
velocity equal to the velocity which it 
had when it struck the earth, it will 
rise just to the height from which it fell. 
The velocity which a body will acquire 
in falling through a given distance, or 
the velocity which must be imparted to ^ ,„„ „ , „ „ 

•^ . . ^ . FiQ. 128.--Ve8sel Fall- 

a body to cause it to rise to a given ing From Top of a loo-Ft. 
height may be computed by the follow- ^^iding. 
ing, which is, if the frictional resistance of the air be disre- 
garded, true for any body whatsoever: 

(50) V = \/2gLf (ft. per sec.) 
or 

(51) Vfn = 481a/L^ (ft. permin.) 

Wherein: v = velocity in feet per second. Vm = velocity in 
feet per minute, g = acceleration due to gravity = 32.2 ft. 
per sec. per sec. L/ = distance in feet, through which body falls, 
or the height to which it will rise if impelled upward with an 
initial velocity of v or v, 



'm* 



Example. — ^A vessel of water (Fig. 128) is dropped from a point 100 
ft. above the earth. With what velocity will it strike the ground? 
Solution.— By For. (51), the velocity = Vw = 481\/Z^ = 481\/l00 = 
481 X 10 = 4,810 ft. per min. 
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EIxAMPLE. — What is the initial velocity which must be imparted to 
the vessel of water to cause it to rise 100 ft. in a vertical dir ectio n? 
Solution.— By For. (51), the velocity = »„ = ^Sly/L/ = 481-\/i00 = 
481 X 10 = 4,180 /«. per min, 

116. The Theoretical Speed In R.P.M. At Which A Cen- 
trifugal Pump Impeller Must Run To Pump Water To A Cer- 
tain Height may be determined by The Law Of Freely Falling 

j^ Bodies. As was shown in the 

7^t i preceding Sec, the water, to be 

f imoei/zr ^^ thiown to a Certain height, must 

r 1 have the same velocity when it 

leaves the impeller as it would 
have if it fell from the same 
height. This may be stated: 
The speed in feet per minute of 
a point on the periphery of the 
impeller should be equal to the 
velocity which the water would 
§-f^ rL— ii ^^^ acquire in falling from the same 

height as the total head pumped 
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FiQ. 129. — A I2-I11. Diameter Im- 
peller When Driven At 1685 R.P.M. 
Will, Theoretically, Produce A 121-Ft. 
Head. 



Note. — ^Thb Total Head Pumped 
Against is the sum of all friction, 
velocity, and static heads, which occur 
between the suction-pipe intake, and 
the delivery-pipe outlet. See Sec. 12. 
Example. — ^At what speed, in r.p.m. 
must a 12-in. diameter impeller of a 
centrifugal pump (Fig. 129) be driven 
to deliver water against a total head 
of 121 ft.? Solution.— By For. (51), 
velocity = «„ = 481\/L/=481\/121 = 
481 X 11 =^,291 ft. per min., which is the required peripheral velocity 
of the impeller. Circumference of impeUer = irrf = 3.1416 XI =3.14 ft, 
which is the distance a point on the periphery of the impeller will travel 
during 1 revolution. Now, 3.14 X r.p.w. = peripheral velocity of the 
impeller = 5,291. Or, r.p.m. = 5,291 4- 3.14 = 1,686 r.p.m. 

Note. — ^Due to certain losses which cannot be eliminated, the actual 
speed of the impeller must be somewhat greater than the theoretical 
speed to produce a given head. 

Note. — "Head" May Be Reduced To Equivai^nt Pounds Per 
Square Inch Unit Pressure as explained in Sec. 4. Also see the 
author's Practical Heat for definition and explanation of unit pressure. 
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117, The Quantity Of Water Which A Pump WiU Deliver 

when being driven at a given speed will depend upon: (1) The 
size of the discharge ouUet. (2) The size of the suction inlet. (3) 
The size of the casing. (4) The width of the impeller vanes. In 
good design the allowable velocity of the water at the discharge 
outlet is about 10 ft. per sec. However, this velocity may 
vary from 5 to 15 ft. per sec. 

Note. — ^It Is Customary, In Ordinary Parlance, To Speak Of A 
Centrifugal Pump As A "4^n. pump" a "6-in. pump" Etc This 
means that the inside diameter of the discharge nozzle, N, Fig. 126, is 
4 in. or 6 in. However, the discharge-nozzle diameter is not to be taken 
as accurately defining the capacity of a pump. But if it is remembered 
that the nozzle-velocity in most centrifugal pumps is about 10 ft. per 
sec, the discharge-nozzle diameter does provide some idea as to the 
capacity of the pump in gallons per minute. An approximate rule is: 
The number of gaUons discharged per minvJte is approxim^ately equal to the 
square of the discharge-nozzle diameter, in inches, mvUiplied by 25. 

118. The Quantity Of Water Delivered By A Centrifugal 
Pump Through A Frictionless Pipe Will Vary In Direct Pro- 
portion To The Speed Of The Impeller, If The Diameter of the 

impeller remains unchanged, and if the friction of the water in 
the piunp is neglected. This may be formulated as follows: 

(52) Vgm2 = — ^-^ — —^ (gal. per min.) 

Wherein: Vgm2 = quantity of water, in gallons per minute, 
delivered by the pmnp when running at N2 r.p.m. Vgmi = 
quantity of water delivered by the pump when running at 
Ni r.p.m. 

Example. — ^A certain centrifugal pump running at 1,600 r.p.m. de- 
livers 1,000 gal. per min. through a frictionless pipe line. How many 
gallons will be delivered per minute by the same pump through the same 
pipe if the speed is changed to 1,200 r.p.m. Solution. — By For. (52), 
ihe quantity which wHl be delivered at the changed speed = Vgm% = (iVa X 
Vgtni) ^ Ni ^ (1,200 X 1,000) -5- 1,600 = 750 gal. per min. 

Note. — Since All Actual Pipe Lines Offer Frictional Resist- 
ance To Water Flow In Them, The Above Formula Cannot Be 
Used In Practice. The actual quantity of water delivered by a pump 
through a pipe line may be either greater or less than the value obtained 
by applying the above formula. The only practical method of deter- 
mining the delivery of an actual pump at different speeds is by test, as 
explained in Sec. 138. 
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119. The Pressure Head Which Will Be Produced By A 
Centrifugal Pump Will Vary As The Square Of The Speed Of 
The Impeller, if the diameter of the impeller remains constant 
and there is no water-friction loss within the pump. This may 
be expressed as a formula by: 

(53) Lm = @ \ti (feet) 

Wherein: Lhn = head, in feet, produced by the pump when 
running at N2 r.p.m. Lkti = head, in feet, produced by the 
pump when running at Ni r.p.m. 

Example. — ^A pump which has no water-friction loss is running at 
1,600 r.p.m. produces a total head of 80 ft. What head will be produced 
by the same pump if the speed of the impeller is changed to 1,000 r.p.m. 7 
Solution. — By For. (53), the head jrroduced aJt the new speed — LhT% =» 
(iVa -5- NiY X LkTi = (1,200 -5- 1,600)« X 80 « ?f e X 80 = 45 ft. 

120. The Power Reqwred To Drive A Centrifugal Pump 
Will Vary As The Cube Of The Speed Of The Impeller, if 

the diameter of the impeller remains unchanged, and if no 
power is lost through pump by mechanical and water friction. 
This rule may be written: 

(54) P6Ap2 = (^j PftApi (horse power) 

Wherein: Pwp2 = horse power required to drive the pump at a 
speed of N2 r.p.m. Pb^pi = horse power required to drive the 
pump at a speed of Ni r.p.m. 

Example. — 32 h.p. are required to pump a given quantity of water 
against a certain head when the frictionless pump is running at 1,600 
r.p.m. What would be the horse power reqxiired to drive the same pump 
at 1,200 r.p.m.? Solution. — By For. (64), the poioer required at the 
new speed = Pbhp2 = (iVa -^ iV*i)« X Pbhpi « (1,200 -t- 1,600)» X 32 = 
27/64) X 32 = 13.5 h.p. 

121. The Velocity Of A Point On The Periphery Of The 
Impeller Is Directly Proportional To The r.p.m. Of The 
Impeller, or expressed as a formula: 

(66) «;„ = ^ = 0.261,8 Nd (ft. per min.) 
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Wherein: Vm = velocity, in feet per miixute, of a point on the 
periphery of the impeller. N = speed, in r.p.m., of the 
impeller, d = diameter of the impeller in inches. 

Note. — ^By transposing For. (55) and substituting in Fore. (52), (63), 
and (54), there results: 
From For. (52) 

(56) Fa», « ^* ^, ^""^ (gal. per min.) 
From For. (63) 

(57) LkT, = (^^ ■ LkTi (feet) 
And from For. (64) 

(68) Pm,i = Ijj Pbhpi (horse power) 

Wherein: di and da = the old and new diametere of the impeller, in 
inches, respectively. From Fore. (66), (67), and (68), it is evident, that 
if the speed in r.p.m. of a centrifugal-pump impeller remains constant, 
and if there is no friction, the following will be true: (-4) From For, (66), 
the quarUUy of water delivered vnll vary as the diameter of the impeller. (B) 
From For, (67), tfte head jrroduced vnU vary as the square of the impeller 
diameter, (C) From For. (58), the povoer required for driving wHX vary as 
the cube of the impeller diameter. 

122. Centrifugal Pumps May Be Classified According To 
Several Different Features, the most important of which are: 
(1) Volute or turbine. (2) The number of stages. (3) Single 
sudion or double suction, (4) Oyen impeller or enclosed 
impeller, (5) Horizontal or vertical. Each of these different 
features will be discussed in succeeding Sees. 

123. The Two General Classifications Of Centrifugal 
Pumps Are: (1) Turbine Pumps. (2) Volute Pumps. The 
turhirye pump (Fig. 130) is one wherein the impeller is sur- 
rounded by a diffusor containing diffusion vanes which direct 
the water flow from the impeller. The relative position of 
the diffusor, 2>, and the diffusion vanes, F, (also called guide 
vanes) is shown in Fig. 131. These vanes are so shaped that 
gradually enlarging passages are provided for the water. 
In flowing through these guide-vane passages, the velocity 
which is imparted to the water by the centrifugal force 
(Sec. 114) IS converted into pressure. The casing which sur- 
roimds the diffusion ring, may be circular and concentric 
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(Fig. 131) with the impeller, or is sometimes of a spiral fona. 
The vohule pump (Fig. 126) 

is one which has no guide 2 

vanes, but instead, has a | 

spiral-shaped casing. This J 

spiral casing y,(rig. 126) J 

is also called the volute. "% 

In the volute pump, this a 

spiral casing replaces the | 

guide vanes of the turbine I 

pump. The volute, or J 

spiral casing, is so de- ^ 

signed that it so guides the i 

water from the impeller to ff 

the discharge pipe that the | 

velocity is gradually con- J 

verted into pressure. Vol- ° 

ute pumps ordinarily have ^ 

but a single impeller. J 

Where a closed-type im- f 

peller is used, a double- i 

inlet is employed, thereby | 

eliminating end thrust. ^ 

124. The Applicatioos Of f 

The Volute Pumps And Of I 

The Turbine Pumps over- | 

lap. In general, however, lE 

for low heads, (under about 1 

70 or 80 ft.) the volute § 

pump should be chosen. S 

For higher heads the tur- | 

bine (multi-stage, Sec. ^ 

126) pump will give better I 

service. The volute pump S 

may be considered superior i 

to the turbine pump from >^ 

the standpoint of size, sim- g 
plicity, and cheapness. 
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Note. — ^There Is Much Controversy Concerning The Compara- 
tive Eppiciency Op The Two Types Op Pumps. More rapid progress 
has probably been made in the design of the turbine pump than in that 
of the volute pump. This is attributed to the fact that the guide-vane 
design of the turbine pump is more amenable to mathematical analysis 
than is the spiral casing of the volute pump. It has been predicted, 
that volute passages will eventually be designed whereby it will be possi- 
ble to effectively pump against the same heads with the volute pump as 
with the turbine pump. Since the volute pump is the cheaper and 
simple^ it may therefore find a wider application in the future. 

126. Water May Be Raised As High As Desired by arrang- 
ing a sufficient number of independent pumps (Fig. 132) so 
that the discharge of one of the pumps is piped to the suction 

of the next. It is desired to 
pump the water (Fig. 132) to 
a total height of 200 ft. 
Pump A takes water from 
reservoir D and deUvers it 
to reservoir E. Pump B 
takes water from reservoir 
E and deUvers it to reservoir 
F. This is, however, an un- 
economical method of pump- 
ing water against a high 
head. The usual method 
which is used in practice is 
described in the following 
Sec. 

126. The Multi-Stage 
Centrifugal Pump (Figs. 130 
and 133) is really two or 

Fia. 132. — Showing How Water May Be mOre distiuct pumpS COU- 

siZor s^gt.""'"* ''"^*'* ^"^ ^''"'*' ^ected in series. Such a 

pmnp has two or more im- 
pellers through which the water passes successively. The 
impellers are mounted on the same shaft and contained within 
the same casing. That is, the water is discharged from the 
first-stage impeller, 7, (Fig. 133) through the return chamber, 
Ri to the suction side of the second-stage impeller, 77, etc., 
throughout each stage of the pump. Multi-stage pumps are 
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used to pump against high heads. They may be either of 
the volute or of the turbine type. 

Explanation. — The two-stage pump, (Fig. 130) may be considered 
merely as a more compact arrangement of the two pumps in Fig. 132. 
Suppose the water is taken into the first-stage suction, Si (Fig. 130) and 
is discharged to the second-stage suction, Sa, through the return chamber, 
Rj at a pressure equivalent to a 100-ft. head. The water is then received 
by the second-stage impeller under a 100-ft. head. In passing through 
the second-^tage impeller, the water is given an additional 100-ft. pres- 
sure head. Thus as the water passes from Si to N (Fig. 130) the same 
result is obtained as by the two pumps in Fig. 132. Multi-stage pumps 
are usually designed to produce from about a 100- to a 150-ft. head per 
stage. The superiority due to compactness, simplicity, and economy of 
the multi-stage pump of Fig. 130 over the two-pump arrangement of 
Fig. 132 is obvious. 

127. "Single Suction" And "Double Suction" are also 
classifications of centrifugal pumps. A singlesuclion (also 
called stde-suction) pump (Fig. 133 is one in which the water 
enters the impeller from one side only. A double-suction 
pump (Fig. 130) is one in which the water enters the impeller 
from both sides. A double-suction pump will, with same im- 
peller diameter, have a larger discharge than a single-suction 
pump. The double-suction pump may have two separate 
suction pipes, or the water may be divided after it enters the 
casing. A single-suction pump which takes water, either by 
suction or under a positive head, will have a side^thrust. Side- 
thrust is caused by the pressure on one side of the impeller 
being greater than the pressure on the other side. This side- 
thrust is transmitted to the shaft, and will, unless some method 
of balancing is provided, cause excessive friction and wear in 
the thrust bearing. 

128. The Forces Which Tend To Unbalance The Impeller 
may be understood from a consideration of Fig. 134. The 
water, which enters the impeller eye at A, has its direction of 
flow parallel to the axis of the shaft. When the water im- 
pinges on the impeller at B, its direction of flow is changed, 
as shown by the arrows. This change of direction results 
in the exertion of a force against the impeller which tends to 
move it to the right. Since the pressure in pounds per square 
inch in r is almost equal to the pressure in pounds per square 
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inch at the periphery of the impeller, the water in r will exert 
a force on the impeller, the direction of which will be to the 
left. Due to the same cause, a pressure will exist in (, which 
will exert a force to the right on the impeller. However, the 
leakage of water through s will result in the pressure in pounds 
per square inch in ( being somewhat less than that in r. Also, 
the area of the impeller web over which the force in r acts 
is greater than that over which 
the force in t acts. Therefore, 
since the pressure in pounds per 
square inch in t is less than that 
in r, and since the area of r is 
greater than that of t, the 
combined -transmitted -pressure 
force will act to the left on the 
impeller. As all of these forces 
may vary from one instant to 
the next, the direction of the 
resultant may shift from right 
to left. It cannot, therefore, 
be predetermined just how great 
or in which direction the result- 
ing force will be. To minimize 
the total resultant imbalance 

the devices which wiU be de- p,„ i34.-u„b^n««i i„p,ii„. 
scribed are employed. 

129. There Are Various Methods Of Balancing Single- 
Suction Impellers Against Bnd-Tbrust, the most common of 
which are: (1) The Jaeger method. (2) By means of an auto- 
matic hydraulic balancing piston. Each will be dsEcribed: 

130. The Jaeger System Of Balancing Single-Suction 
Impellers (Fig. 135J automatically minimizes the longitudinal 
imbalance but it requires, in addition, mechanical thrust 
bearings. The impeller is equipped in front and rear, with 
wearing rings {R, Fig. 135). The diameter of the front and 
back rings is the same, bo that the area of the surface o is 
equal to that of surface b. Since leakage through the rings 
will be practically the same in both the front and the back 
sides, the pressure on a will be equal and opposite to that on 
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b. The leakage water which flows across the front sealing 
surface enters the suction opening of the impeller. To prevent 
the leakage water which flows across the back sealing surface 
from collecting in the annular ring and building up pressure, 
the holes, H (Figa. 131 and 135), permit 
this leakage water to pass into the im- 
peller. Leakage through the wearing 
rings may be minimized by forming a laby- 
rinth pathway (Fig. 136) for the water, 
rhe mechanical thrust bearings which are 
necessary to resist the force due to change 
' of direction (Sec. 128) are usually of the 
ball type, or (Fig. 130) of the multi-collar 
type. 

131. The Automatic Hydraulic Balanc- 
ing Piston (Fig. 133) whereby all of the 
impellers (multistage pump) are balanced 
by a single balancing piston is shown in 
Fia. iSB.— showim Fig. 137. This balancing chamber is at 
jaeier Method Of im- the right-hand cud of the laat stage. The 
pe er noing. last-stagc impeller is provided with wearing 

rings. Water leaks through between the surfaces of these 
wearing rings to the balancing chamber. If the shaft, and 
the movable part, M, (Fig. 137) moves to the right, the pas- 
sageway between the wearing rings is increased. This permits 
the water to pass more freely through R into the balancing 



FiQ, 136.— Vftrioufl Tyiwa Of Wesring RingB, (/ = Impeller, W - Wearing Rin*. 
C - CBsina.) 

chamber C. This same movement to the right tends to close 
the escape-passageway, E, which prevents the water from 
escaping through the pipe, P. Thus, the pressure in the 
balancing chamber builds up and acts against the balancing 
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disk, (or piston) D, which is fixed to the shaft. This moves 
the shaft to the left until R is closed and E is open and 
equilibrium is established. 

Note. — Balancing Of Docblb-Scction Pomps ia taken care of, 
theoretically, in the design of the pump. The liquid is eupposed to 
enter in equal volumes from both sides. Since the inlet opemngs are 
also supposed to be equal, the vacuum or pressure on one side of the 
impeUer is always equal and opposite t« that on the other side. There- 
fore, no end-thrust is exerted. The impeller is also equipped with front 
and back wearing rings of equal diameter (Sec. 130) so that there is so 
end-thrust on the impeller on the outside of the wearing rings. Actually, 

pipe n r/rsf-Sfagt~siKfj'm ChamUK 



lana Bjvtem For Centrifncal Pumpe. (De 
n Turbine Co.) 

however, the inlet-openinga are never exactly equal. The wearing rings 
ate likely to wear unevenly. One or both of these causes will set up an 
unbalanced end-thrust on the inside of the wearing rings, making it 
necessary to equip a pump of this type with a mechanical thrust bearing. 
Note. — Dub To The Small Bearing Stjsface Of The Open-Ttpb 
Impeller (Fig. 127) very Uttle end-thrust is developed. Hence, mechan- 
ical thrust bearings will ordinarily assume the end-thrust which ia devel- 
oped in a pump of this type. 

132. The Open Impeller is shown in Figs. 138 and 138A. 
Pumps equipped with an impeller of this type are sometimes 
called fan pumps. The action is similar to that of a paddle- 
wheel revolving in a circular casing. All of the early centri- 
fugal pumpe were of this type. It has poor water-guidance 
and flow-Unes. This results in excessive wasteful churning 
and eddying of the water. Also, a great amount of water 
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escapes between the blades of the impeller and the casing walls. 
This is similar to the slip (Sec. 22) in reciprocating pumps. 




Due to the above mentioned causes, the efficiency of the pump 
which is equipped with an open impeller is comparatively low. 
It is relatively cheap in price. For certain classes of work 




Of An Open-Type CBntrilugal-Pump Impeller. 



such as pumping mash and thick liquids, it is the only type of 
centrifugal pump that will give satisfaction. Its use is not 
to be recommended as a power-plant auxiliary. 
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133. The Enclosed Impeller (Fig. 139) is a development of 
the open impeller. If a disk or plate were secured to each 
side of an open impeller, a closed impeller would result. The 
enclosing walls or covers are, in practice, cast soUd with the 
impeller vanes. These enclosing walls prevent the water 
from escaping past the impeller blades. Also a relatively 
close-running joint can be made between the impeller and the 
casing. This reduces the slip to less than that which occurs 
with the open impeller. The efficiency of the pump is mate- 





X-5lole vl«Y/ I-5eotionoil Elevation 

Fig. 139. — Cloeed-Type Impeller. 

rially increased by these two devices. The running joint (Fig. 
135) is usually known as the sealing surface. The running 
joint is formed by the wearing rings. 

Note. — The Ideal Condition Would Be To Have A Tight Fit 
Between The Sealing Surfaces. This is, however, impossible of 
attainment. In practise, a diametral clearance of from 0.012 to 0.018 
in., is allowed between the wearing rings. Small particles of grit in the 
water will cause the rings to wear, thus enlarging the clearance and in- 
creasing the leakage. The increased leakage will lower the efficiency. 
This necessitates renewing of the wearing rings. 

134. The Maximum Heads Against Which Impellers Of 
The Different Types Are Designed To Operate are approxi- 
mately as follows: (1) Single-suction, open impeller, 100 ft. 
(2) Double-sucHon, open impeller, 100 ft. (3) Single-suctiony 
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endoaedimpeUer, 100 ft. (4) Double-auction, enclosed impdler, 

150 ft. 

Note. — Thr Sinqlh Im- 
peller FuHP (R. A. Fiske) 
may be efficiently used for 
heads up to and including 150 
ft. or higher, with efficiencies of 
from GO to 80 per cent. For 
pressures above 50 lb. per sq. 
in,, two or more runners or 
stages may be used, each stage 
adding approximately 50 lb. per 
sq. in. to the total pressure 
available from the pump. 

136. A Vertical- Shaft 
Centrifugal Pump (Fig. 
140) may be used wliere 
conditions are such that a 
horizontal-shaft pump can- 
not be placed within suc- 
tion distance of the 
supply-water level. This 
condition is frequently en- 
countered in deep wells, 
sewage service, sumps, 
and along rivers where the 
difference in water level 
between high and low 
water will amount to 20 
or 30 ft. A vertical cen- 
trifugal pump may be 
operated completely sub- 
mei^ed in the water (Sec. 
136). It is, however, ad- 
visable, where conditions 
permit, to locate the pump 
in a dry-pit. This makes 

■■"■ ""-mTr.s'sr "*" °' i* -""re '«'"Kiy '"^''i* 

than when submerged. 
Consequently the pump will be given better attention. For 
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reasoDB, which will be stated in the following SecB., a vertical- 
shaft centrifugal pump should not be selected where it is 
feasible to use one of the horizontal-shaft type. 

136. The Beani^:s In A Vertical Pump are very likely to be 
a source of constant trouble. These bearings may be divided 




Fio. 141.— Sootionil View Of HansBr-Typ< Fio. 1*2. — Showing Rotatinc 

Thnut Bearinc For Vertical Centritugiil Puta And Thrust Beariuf Of A 

Pumpi. (Wofthlnctou Pump And Maehinery Vertieal Centrituaal Pump. (The 

Coip.) Oouldi Mfi. Co.) 

into two classes: (1) The pump bearings proper. (2) The line- 
shaft bearings. The pump bearings, if the pump is submerged, 
usually depend upon the water for lubrication. This results 
in extremely rapid wear. The line-shaft bearings consist of 
the thrust bearings (Figs. 140, 141 and 142), and, if the line 
shaft is long, the guide bearings {Fig. 143). The thrust bear- 
ing must carry the weight of the rotating parts and, in some 
instances, the weight of the pump. It has been found difficult 
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to desigD a thnist bearing which will operate satisfactorily at 
centrifugal-pump speeds. The multi-collar (Fig. 141), roller, 
and self-aligning ball (Fig. 142) types of bearings are used. In 
any event, the bearings of vertical pumps require considerable 
attention. 

137. When The Line Shaft Of 
A Vertical Pump Is Long, It Is 
Difficult To Keep The Motor, 
Line Shaft And Pump In Ali- 
ment. When the line-shaft 
length exceeds about 30 to 40 
ft. a certain flexibility and the 
inevitable misaUgnment in an 
installation of this sort must be 
provided for. This necessitates 
the installation of several thnist 
bearings between the motor and 
the pump with a flexible coup- 
ling immediately above each 
thrust bearing. A guide bear- 
Fia. 143.— Guide Bsuiiis For Verti- iug should be placed on each side 

wl Shaft Centiiimftl Pumps. (Worth- Qf j^jjj close tO Cach flexible COUp- 
nnton Pump And Machinoiy Corp.) ,. „, . ,. 

ling. Ihe maximum distance 
between guide bearings should not exceed about 6 ft, 

138. The Peiformance Characteristics Of A Centrifugal 
Pump For Various Conditions Of Operation should be known 
before it is placed in any given installation. The factors which 
determine the performance characteristics of a centrifugal 
pump are principally: (1) The quantity ofuxUer delivered. (2) 
Ths efficiency. (3) The horse power input at each of several 
different heads. These data are usually supplied by the manu- 
facturer, but if they are not, they may be secured by test. The 
two principal reasons for testing a pump are : (1) To determine 
its characteristics (Sec. 139). (2) To determine whether or 
not the mani^acturer's guarantees have been fulfilled. 

Note. — A Ckntrifcqal Ptjmp May Be Tested Aa Follows: The 
pump which is to be tested is directly coQQected to a direct-current, 
vaiiable-speed electric motor, M (Fig. 144) of known efficiency. A volt- 
tneter, V, and an ammeter, A, are connected in the motor circMit- A 
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pressure gage, P, is connected into the discharge pipe. A vacuum gage, 
S, is connected into the suction pipe. The quantity of water discharged 
may be measured either by means of a calibrated nozzle placed on the 
end of the discharge pipe, or by a water meter, W. Or, if the pump is of 
Email capacity, the water may be discharged into a suitable container, R, 
snd measured directly. The gage readings of iS and P should be com- 
bined and converted to head in feet (Sees. 5 and 38), which will be the 
lotol head pumped agaimt if the dischai^e- and suction-pipes are of the 



Pio. 144.— An Atrsngeinent Which May Bo Used In Teatine A CentrifuBftl Pump. 

The pump is primed and started. The speed must be maint^ned 
constant throughout the teat. Simultaneous readii^ of S, P, A, V, and 
W are taken. S and P are converted into total head in feel {Sees. 5 and 
38). Then these formulas may be applied: 

(59) Pu, = — 7 4 6 " " Ci*"^ power) 
and 

(60) ^- mexftT , (percent.) 

Wherein: Pmii — input to pump iu horse power (also called brake horse 
power of pump). / = motor-current, in amperes, as read from the 
ammeter. V =- motor-e.m.f., in volts, as read from voltmeter. Vgm — 
quantity of water pumped, in gallons per minute, as determined from 
water meter. Lur = total head pumped against, in feet, as obtained 
from S and P. En ~ efficiency of motor, at the given load, expressed 
as a decimal, as obtained from the mot^r efficiency graph. E, = effi- 
ciency of the puntp, expressed in per cent. 
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By applying the formulas for a certain discharge in gallons per minute, 
the heady the brake horse power, and the efficiency of the pump, when 
nmning at the given speed, are determined. The discharge is now varied 
by either opening or closing the gate-valve, Gj and another set of readings 
is taken and the corresponding computations are made as described 
above. By opening or closing the gate-valve, the conditions should be 
varied from no discharge when G is closed, to practically no head when G 
is wide open. Several sets of readings should be taken, at fairly regular 
intervals of discharge in gallons per minute, over that discharge range 
which will be provided from gate^^valve entirely dosed to wide open. The 
test data should be plotted into a characteristic chart as will be described. 

Example. — ^A centrifugal pump (Fig. 144), which is undergoing test, 
is driven by a direct-connected, direct-current motor, at a constant speed 
of 1,700 r.p.m. A certain set of readings are as follows: Vgm = 400 gal. 
per min.; S = 8.9 in. of mercury; P = 26 lb. per sq. in.; A = 36 amp.; 
y = 218 volts. What is the horse-power input to the pump, the head 
produced, and the efficiency of the pump in per cent., at this rate of 
discharge? 

Solution. — By note subjoined to Sec. 38, the suction pressure developed 
= (8.9 X 0.4914) = 4.37 lb, per sq, in. Since the water level is below 
the pump-center, S and P are combined by addition, or (4.37 + 26) = 
30.37 lb. per sq. in. By For. (1), the total head producedy Lht — (2.31 X 
30.37) = 70 ft. From the motor-characteristic chart, it is found that 
the efficiency of the motor at this load Em = 89 per cent. By For. (59), 
the horse-power inpvi to the pump, "Pbhp = /XVXEm-!- 746 = 36 X 
218 X 0.89 -s- 746 = 9.37 h.p. By For. (60), the efficiency of the pump, 
Ep = (Lht X Vgm) -^ (39.6 X Pwp) = (70 X 400) -f- (39.6 X 9.37) =66.2 
per cent. 

Note. — ^A Centrifugal Pump Should Be Tested Under The Con- 
ditions To Which It Will Be Subjected When Installed. Thus 
a boHer-feed pump should be tested with water at the temperature of 
that which it will ultimately handle. 

• 

139. A Chart Of The Characteristic Graphs Of A Centrifugal 
Pump may be plotted thus : First compute from the test data 
the head in feet, the brake horse power, and the efficiency, for 
each of the different rates of discharge. Then (Fig. 145) lay- 
off, on the horizontal axis (on a sheet of cross-section paper), of 
the graph, to a convenient scale, the range of discharge values 
in gallons per minute. Next lay off, on the vertical axis, the 
range of values corresponding to the head in feet, the brake 
horse power, and the efficiency. Now plot the values: Lay 
off to scale, on the horizontal axis, distances equivalent in 
value to the different discharges in gallons per minute as 
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taken from the test data. For each point thus obtained, 
locate new points in the body of the chart by laying oEE verti- 
cally, to scale, distances which are equivalent to the heads in 
feet for the discharge at each head. A smooth curve drawn 
through the points obtained as described, results in the h^ad 
graph (Fig. 145). The brake horse power and the efficiency 
graphs are plotted in a similar manner. These three graphs 
are known as the characteristics of the pump. 



PiB. 146.— Typical CharacteriBticB 01 A Centrifugal Pump At Coiutsnt Speed. 

140. A Number Of Important Facts Hay Be Determiaed 
From The Characteristic Graphs (Fig. 145} of a pump which 
is operated at a given speed which are not apparent from the 
test data, such as: (1) The rate of discharge in gaUons per 
mimite when pumping against any head. (2) The efficiency 
of the pump at any discharge rate. (3) The horse power required 
to drive the pump when pumping water against any head. If 
(with a certain pump speed in r.p.m.) any one of the four items: 
the head pumped against, the efficiency, the brake horse 
power, or the discharge in gallons per minute, is known, then 
the other three can be determined directly from the graphs 
without further calculation. 

EbcPLANATioN. — The highest point on the brake-borse-power graph 
(Fig. 146) is about 61 h.p. This indicates that a 60-h.p. motor would 
be Huitftble to drive the pump at any load without danger of motor- 
overload. It is also evident that the maximum efSciency is about 73 
per cent., and that when operating at this maximum efficiency, about 
1,800 gal. per miB. will be delivered against a 90-ft. head. When oper- 
ating under these conditions, the power required to drive the pump is 
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about 59 h.p. Electric motors are usually deeigued to operate at their 
manmum efficiency at the rated full load. A 60-h.p. motor would, 
therefore, when driving the pump against a 90-ft. head, be operating at 
about ita maximum efficiency. The maximum overall efficiency would 
be obtained with the pump direct connected to a 60-h.p. motor, when 
delivering 1,800 gal. per minute against a 90-ft. head. 

NoTB. — A pump, having a head graph similar to that of Fig. 145, 
has what is known aa a rising characteristic. That is, beginning at 
shutHDff, the head developed increases up to a certain point (about 
600 gal. per min. in this pump) and then decreases. A slightly rising 
characteristic is usually desirable. Note that after this OOO-gal.-per-min. 
point is passed, that the horse-power input is increased, and that its 
efficiency increases up to a certain point, and then decreases. Study 
this graph of Fig. 145 to obtain a further understanding of the relationa 
between head, efficiency, faorae power, and discha^te, in a centrifugal 
pump which is operating at a constant speed. 

141. Graphs Showing Typical Relations Between Head, 
Volume, R.P.M., And Efficiency, In Good Commercial 
Centrifugal Pumps are reproduced in Figs. 146, 147, 148 



Fia. 14S.— Relation Between Head, Volume, R.P.M., And EffideDcy, In Good Com- 
macUl CeDtrifufol Pumpe Whieh Operate Above l.SOO R.F.M. Afuuat Hesda Qreater 
Than SO Ft. 

and 149. (Marks' Mechanical Engineers' Handbook). 
There is no sharp division line between high head and low 
head. Low head is in these graphs, assumed to mean less 
than 50 ft. High head is assumed to mean above 50 ft. 
Low speed is up to 600 r.p.ra.; moderate speed, from 600 to 
1,800 r.p.m.; high speed above 1,800 r.p.m. These graphs do 
not show the performance of any individual pump, but are 
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the averages of data obtained from a large aumber of good 
commercial pumps, and show what may be reasonably ex- 
pected of the average pump. These curves are particularly 



Pw- Ctnt. Of Rdtztx WiMme 

Fid. 147.— Kelation Between Bead. Volume. R.P.M.. And Efficiency, In Good Com- 
mercial CentlifucBl Pumpa Whish Opente Between SOO And 1,800 R-P.M. Aisiiut 
Beadi Oreater Than 50 Ft, 

applicable to lai^-capacity pumps, as in the smaller pumps 
efficiency is Hkely to be sacrificed to decrease the first cost. 



r«r cent. W Reitea V 
Fin. 148.— Relati 
CentrifuBOl Pumpa 
Than 60 Ft. 

ExAifPLB. — A centrifugal pump has a normal rating of 8,500 gal, per 
min. when operating against an 80-ft. head at 1,700 r.p.m. About what 
efficiency should be eicpected when the pump is operating at its normal 
rating? If the speed is increased 5 per cent., what discharge rate should 
be expected if Uie head pumped against remains constant, and what 
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should be the expected resulting efficiency? Solution. — Since a speed 
of 1,700 r.p.m. and a bead of 80 ft. would classify this pump as moderate 
speed and high head, refer to the graphs of Fig. 147. The 100-per-cent. 
r.p.m. graph, the 100-per-cent. head graph, and the lOO-per-cent. volume 
graph intersect at point A. It is found that an efficiency of about 80 
per cent, should be expected when the pump is operating at its normal 
rated load. The 105-per-cent. r.p.m. graph intersects the lOO-per-cent. 
rated load graph at point B, which shows that about 112 per cent, dis- 
charge rat« and about 74 per cent, efficiency may be expected with a 
6-per-cent speed ii 



Per Cent of RaJi&a V 



142. The Effect Of Changing The Conditions Under 
Which An Actual Centrifugal Pump Operates will now be 
coDBidered. While the effect of changed operating conditions 
will always be determined primarily by the theoretical prin- 
ciples discussed in Sees. 118 to 121, these theoretical laws 
cannot, usually without modification, for reasons already 
su^ested, be applied to an actual pump. In practice, the 
most feasible method of ascertaining the consequence of 
altered conditions is a graphic one. For this graphic method, 
a chart (Fig. 145), on which are shown the characteristic 
graphs for the pump under consideration, must be employed. 

Note. — How To Abcbrtain, Frou The Characteristic Graph, Ted 
Effect Of Changinq Either The Head Or The Discharge, And 
The Correbpondinq Change In Epticienct and Horse-Power In- 
put, At a Constant Speed, has already been explained in Sec. 140. 
A method of obtaining the characteristic graphs at any desired speed (within 
reasonable limits) from the graphs for a given speed will be presented in 
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the following Sec. Then, after having determined the characteristic 
graphs at any desired speed, the head, rate of discharge, efficiency, and 
brake horse power, can be ascertained at this desired speed. The 
charts for any pump at the rated speed may be obtained by teat, or, 
usually, from ita manufacturer by giving him a detailed description (all 
name plate data and serial number) of the pump under consideration. 

143. A Change In The Impeller Speed Of A Centrifugal 
Pump will (Sees. 118 to 121) affect the quantity of water 
delivered, the head produced, and the horse-power input. 
The formulas by which these variations are computed, for a 



Fia. ISO. — nhutntiDa Method Of Determining Centrifua*! Pump Ch»nwt«rlatlat At 
Any Deiired Speed. 

theoretical installation without water-friction, are given in 
Sees. 118, 119, 120, and 121. This theoretical condition of a 
frictionless installation is very closely approximated in 
practice where a pump is delivering water to a stand-pipe 
through a short length of pipe without bends. However, in 
those installations wherein the friction head (Sec. 9) is large, 
these theoretical formulas cannot, without modification, be 
employed. Having the characteristic graph of a pump for a 
given speed, the method of obtaining the graphs for any other 
speed may be understood from a consideration of the f ollowii^ 
example : 
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Example. — ^A 1,700-r.p.m. pump, which has a head graph as shown in 
Fig. 150 delivers 1,900 gal. per min. in a certain installation wherein the 
static head is 52 ft. and the friction head due to the piping is 50 ft. 
What quantity of water will be delivered and what head will be produced, 
provided the same piping is used, if the speed is decreased to 1,530 r.p.m.? 

Solution. — The friction head varies approximately as the square of 
the volume of water delivered. Therefore, at 950 gal. per min., the friction 
head = (950/1900)* X 50 = 12.5 ft. Take other values of discharge in 
gallons per minute and compute the corresponding friction heads in a 
similar manner. These values of friction head laid off vertically upward 
from the "52 ft. static" line (Fig. 150) on the corresponding discharge- 
rate lines result in the friction head graph. Next select points such as 
A, By C, Dj and JS?, on the 1700-r.p.m. head graph (Fig, 150) and deter- 
mine the head and discharge rate corresponding to each point selected. 
In Fig. 150, point C corresponds to 1,750 gal. per min. pumped against 
a 107-ft. head when the pump is running at 1,700 r.p.m. By For. (52), 
the quantity of water delivered at 1,530 r.p.m. = Vgm2 = (iVa X Vgmi) -5- 
Ni = (1,530 X 1,750) -5- 1,700 = 1,575 gal. per min. By For. (53), ^e 
head produced at 1,530 r.p.m. = LhT2 = (N2 -^ Ni)^ X LhTi = (1,530 -¥■ 
1,700)2 X 107 = 86.6 ft. Thus point C\ which is a point on the 1,530- 
r.p.m. head graph, has a value of 1,575 gal. per min. at 86.6 ft. Simi- 
larly, determine the values of points A', B\ D', j^', cfc., which correspond 
to the values, of A, B, D, E, etc., and plot points A', B% C, D', E', etc., 
on the chart. A smooth curve drawn through A', B', C", D', etc., results 
in the 1,530-r.p.m. head graph (Fig. 150). The intersection of the 1,530 
r.p.m. head graph with the friction-head graph determines the quantity of 
water discharged and the head produced, which, in this case, is about 1,580- 
gal. per min. against ahovJt a S7'ft. head. 

ExAMPLE.-At what speed must the pump in the preceding example 
be driven to deliver 1,500 gal. per min.? 

Solution. — The l,500-gal.-per-min. line intersects the friction-head 
graph at point Y, and the 1,530-r.p.m. head graph at X. Therefore, the 
speed required to deliver 1,500 gal. per min. — 1,530 — {\jyistance XY -4- 
Distance XB) X (1,700 - 1,530)] = 1,530 - (0.24 X 170) = 1,530 - 
40 = 1,490 r.p.m., approximately. 

Note. — The Power Required To Drive A Centrifugal Pump 
At Any Speed, other than that upon which the available characteristic 
graphs are based, may be determined as follows: Suppose the chart is 
provided for the pump when running at 1,700 r.p.m. (Fig. 150) and that 
it is desired to determine the power required to drive the pump at 1,530 
r.p.m. From the available characteristic head graph construct the head 
graph for the desired speed, as explained above. When the pump is 
running at 1,530 r.p.m. and operating under the (Conditions which are 
represented by point B', it will have the same efficiency that it has when 
running at 1,700 r.p.m. under the conditions which are represented by 
point B) also the efficiency at C", D', E', etc., will be the same as that at 
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C, D, E, etc., respectively. Therefore, by projecting vertically down- 
ward from D, (Fig. 150) it is found that the pump, when operating at 
1,700 r.p.m. has an efficiency represented by S, of 72 per cent. Then 
locate point /S' equivalent to 72 per cent, vertically downward from D\ 
iS' is one of the points on the efficiency graph for 1,530 r.p.m. Other 
points are located in a similar manner and the 1,530-r.p.m. efficiency 
graph is drawn. From corresponding values of head, discharge rate, and 
efficiency, the brake horse power (power input to motor) can be computed 
by For. (60) and the graph can then be drawn, as explained in Sec. 139. 

144. The Methods Of Driving Centrifugal Pumps Are: 
(1) Belt or ropes. (2) Direct conthected to an electric motor. 
(3) Direct connected to a steam or gasoline engine. (4) Direct 
connected or redvction-gear connected to a steam turbine. Each 
will be discussed: 

145. A Belt Drive For Centrifugal Pumps is better suited 
to those of small than to those of large capacity. It should be 
employed only when direct-connection is infeasible. When 
it is desired to use a belt drive, a pump which has a relatively 
low speed should be selected. In general, the belt speed 
should not be permitted to exceed about 4,500 ft. per min. 
The pulley centers should be located a reasonable distance 
apart, especially when there is much difference in the size 
of the driving pulley and the driven pulley. The tight side 
of the belt should, when possible, be underneath. 

Note. — When The Arc Op Belt-Contact Is Approximately 180 
Degrees, The Required Width Of A Single Belt To Drive A Cen- 
trifugal pump may be computed by the following formula: 

(61) L„ = ^'^^ ^J"" (inches) 

Wherein: L„ = width, in inches, of a single belt. Pbhp = maximum 
brake horse power required to drive the pump. N = revolutions per 
minute at which the pump is to operate, d = diameter, in inches, of the 
pulley on the pump shaft. To obtain the required width of a double 
heliy multiply the result obtained from For. (61) by 0.625. The pulley 
used on the pump shaft should have a face at least 2 in. wider than the 
belt. 

146. The Direct-Connected Motor-Driven Centrifugal 
Pump (Fig. 157) is one of the most satisfactory forms of 
centrifugal-pump installations. The principal reasons for 
this are: (1) Saving of floor space. (2) Reduction of power" 
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transmission losses. Since the centrifugal pump is a relatively 
high-speed machine, and as high-speed motors are cheaper 
than low-speed motors, a saving in the first-cost is obtained. 
By the use of a variable speed motor, various pumping condi- 
tions (Sees. 118 to 120) may be satisfied by the same unit. 

Note. — The Electric Motor As A Drive For Centrifugal Pumps 
Has Decided Advantages in isolated installations or where no facilities 
are at hand for utilizing the heat available in the exhaust steam. 

Note. — Direct-Current Motors find application for installations 
where only direct current is available or where adjustment of speed is 
necessary. The direct-current motor has the further advantage in that 
it can be designed for any definite speed. Where the voltage is constant 
either shunt-wound or the compound-wound, direct-current motor can 
be used with success. Where the voltage is variable, as in some tem- 
porary installation, particularly when fed from an electric railway cir- 
cuit (see Sec. 173), a compound direct-current motor should be used. 
It is generally recommended that, when direct-current motors are used, 
the discharge gate valve be closed in starting. This procedure should 
especially be followed with shunt-wound motors. Proper ventilation 
must not be overlooked in motor-driven installations. 

Note. — Motor-Driven Centrifugal Pumps Are Usually De- 
signed To Operate At Speeds Of About 1,100, 1,200, 1,700, And 1,800 
R.P.M., since these are the more usual "synchronous" speeds of alter- 
nating-current motors. The synchronous speed of any 60-ci/cfe oUematinQ^ 
current motor — 7,200 -^ number of poles. The actual full-load induction- 
motor speed will be about 5 per cent, less than the synchronous speed. 
Direct-current motors are often designed to run at these speeds. This 
renders a pump which is designed to operate at one of the above speeds 
suitable for either direct- or altemating-current-motor drive. 

Note. — ^The Power-Factor-Correcting Ability Of The Syn- 
chronous Motor Is Increasing The Demand For Direct-Connec- 
ted, Synchronous-Motor-Driven Centrifugal Pumps. If, however, 
the brake horse power at shut-off is greater than about 35 per cent, of 
the full-load brake horse power, difficulty is likely to be experienced in 
getting the motor to pull into synchronism. 

Note. — The Squirrel-Cage Alternating-Current Induction 
Motor Is Well Adapted To Centrifugal-Pump Drives (R. A. Fiske) 
because of the simplicity of the motor and its control. The first cost is 
generally less than that of a motor of the slip-ring type. Due to the 
squirrel-cage motor's characteristic of low starting torque, a valve 
should, where one of these motors is used, be placed in the discharge line 
to minimize the load on the pump during the starting period. 

Note. — Slip-Ring Induction Motors are preferable for centrifugal 
pumps of the larger capacities because of their ability to start smoothly 
against great torques without taking excessive currents from the line. 
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147. A Steam Or Gasoline Engine, Direct Connected To A 
Centrifugal Pump coDstitutes an economical method of opera- 
tion. The speed of ordinary reciprocating machinery is, 
however, relatively low. Consequently this method of 
drive is only suitable for the low- and medimn-head pmnps. 

148. The Direct- Or Gear-Connected Steam-Turbine 
Centrifugal-Pump Drive is rapidly gaining in popularity. 
Since both the steam turbine and the centrifugal pump are 
inherently high speed machines, they are admirably suited to 
each other. The steam-turbine-driven centrifugal piunp is 
even more flexible as to speed variation than is a motor-driven 
pump. By the installation of suitable governors, which are 
actuated by the pump discharge-pressure, control is obtained 
whereby the turbine speed is automatically adjusted so that 
the head produced by the pmnp remains constant over a 
range of from 3^^ to full pmnp-capacity. The maximmn eco- 
nomical speed for large-capacity pumps operating against low 
heads is usually lower than the minimum economical turbine 
speed. Hence in such installations the pump is connected 
to the turbine through specially-designed reduction gears. 
This enables both turbine and pump to be driven at their most 
economical speed. There is but little power-transmission 
loss (about 2 per cent.) through a reduction gear of the double 
helical type. 

Note. — The Steam Tukbine When Exhausting Into A Vacuum 
Affords A Vbby Economical Drive. (R. A. Fiske.) In such units 
the turbine may exhaust into a condenser (Div. 9) serving one or several 
of the main generating units. Or the exhaust may be used to advantage 
in feed-water heaters (see Div. 7). Where economizers are installed and 
where there would otherwise be an excess of auxiliary exhaust, low-pres- 
sure turbines could be used as drivers, the low-pressure steam being 
derived from other auxiliaries or from the intermediate receivers of 
the main engines or turbines. The turbine can also be arranged to ex- 
haust into the intermediate stages of the main generating units. For 
the larger units, it may prove advantageous to use a low-level jet con- 
denser (Sec. 336) taking the condensing water from the discharge side 
of the pump and returning the waste water to the suction well. 

149. A Flexible Coupling Should Always Be Used To Direct- 
Connect A Centrifugal Pump To Its Motive Power. — Usually, 
the pump and the driving unit have two main bearings each. 
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If a rigid flange-coupling is used, the driving-unit shaft and 
the pump shaft become, in efifect, a solid continuous shaft, and 
it is practically impossible to align four bearings so that each 
will function properiy at centrifugal-pump speeds. A flexible 
coupling {Fig. 151) will compensate for slight inaccuracies in 
alignment, and also reduce vibration. In a gear-connected 
steam-turbine drive, a suit- 
able flexible coupling should 
be used on each side of the 
gear. 

Note. — -It is generally con- 
ceded that flexible couplings 
may not prove entirely "ftes- 
ible" on high-epeed shafts. 
Therefore, a rigid baseplate 
. ext«nding under pump, driving 
unit and gears, should always 
be provided to maintain the 
shafts of the two units in 

Fia. 161. — Flexible Coupling For Direct- good alignment, especially 
Conn«!tiEg^_^A Centrifugal Pump To Ita ^^^^^ ^jj^ p^^^p jg ^^g^ ^j, 

nvine ni . Speeds above 1,500 r.p.m. 

160. The Advantages Of TheCentrifugalPump (R. A-Fiske, 
The Centbifugal Pump, Power Plant Engineering, February 
15, 1921} are; (1) BtU one moving part. (2) No vaivea or pistons 
to be kept in order. (3) Uniform pressure and Jlow of water. (4) 
Freedom from shock. (5) Compactness. (6) Simplicity of 
design, (7) Simple to operate and repair. (8) High rotative 
speed, alUimng direct connection to electric motors and steam 
turbines. (9) In case of stoppage of delivery, the pressure cannot 
build up beyond predetermined working limits. (10) Low first 
cost. (11) Low rate of depreciation. 

161. The Disadvantages Of The Centrifugal Pump are: (1) 
The rate of flow cannot be efficiently regulated for wide ranges 
in duty. (2) The efficiency is not usually as high as the best 
grade of piston pump. (3) Direct connection, to low-speed engines 
cannot be made when operating on high lifts. 

162. A Comparison Between Centrifugal Pumps And Recip- 
rocating Pumps will explain the increasing demand for the 
centrifugal pump. The centrifugal pump is, in general, su- 
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perior to the reciprocating pump in simplicity, reliability, 
ease of operation, durability, space occupied, and frequently 
in over-all eJ05ciency . It has a more uniform discharge pressure 
than has the displacement pump, it vibrates less and does not 
require as heavy a foundation. Except for very small ca- 
pacities, the average first cost of centrifugal pumps is about 
}4 of that of reciprocating pumps. The centrifugal pump is 
capable of handling water which contains gravel, sand, and 
if suitably designed even fair-sized rocks. This is impossible 
with the other type. The inherent characteristics of the 
centrifugal piunp render it unsuitable for services which re- 
quire a very positive control of capacity and head. The 
centrifugal pump is not well adapted to services which require 
a high suction-lift (Sec. 88), nor for pumping small quantities 
of water against high heads. 

Note. — The Centrifugal Pump When Designed For A Certain 
Capacity And Head Cannot Be Used, Without Great Loss In 
Efficiency, At Any Other Capacity Or Head. It is not as flexible 
in this respect as is the reciprocating pump, which can be used under 
widely different conditions without any great sacrifice in efficiency. 

163. The More Common Services To Which Centrifugal 
Pumps Are Applicable are: (1) Sewage pumping plants. (2) 
Dry dock pumps, (3) Irrigation and drainage. (4) Condenser 
circulating pumps. (5) Municipal water works. (6) Hydraulic 
elevators. (7) Mine drainage and hydraulic mining. (8) 
Fire pumps. (9) Boiler-feed service. Pumps of the volute 
type are more generally used for the four services which, are 
first mentioned, and those of the turbine type for the five 
services last mentioned. 

Note. — Certain of these services will be discussed in following Sections 
but the scope of this book does not permit a detailed discussion of all. 

Note. — ^About the only services for which centrifugal pumps cannot 
be applied are high-pressure-hydraulic-press and deep-well service. 

164. The Centrifugal Pump Is In Almost Universal Use 
For Circulating The Condensing Water (Div. 9) in modem 
power-plant installations. It is applicable to jet-, barometric-, 
and surface-condenser service. The steam-turbine drive is 
particularly applicable to barometric-condenser service (Sec. 
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339) wherein a higher head is required at starting than under 
normal operating conditions. The turbine can be speeded 
up to produce the desired initial head. Then when the 
vacuum becomes established, the speed can be reduced to 
that required for normal operating conditions. Where the 
static head varies, as it is likely to do where the water is 
pumped from a river, variable speed operation is especially 
desirable. 

166. Boiler Feeding By Centrifugal Pumps (Div. 6) com- 
prises one of the most desirable applications for this type of 
pump. It is, however, not to be recommended for small-plant 
service. The unit occupies but Uttle space, and requires only 
a Ught foundation. It can be started when cold and put into 
service in a very short time. The absence of vibration is an 
important feature. Excessive vibration in a boiler-feeding 
apparatus will open the pipe joints. 

Note. — ^A series of tests which were made by the Terry Steam Turbine 
Co, show an average of 62.4 lb. of steam per horse-power hour for the 
steam-turbine-driven centrifugal pump as compared with 91.9 lb. for 
the reciprocating pump. The tests were made on boiler-feed service at 
a discharge rate of 300 gal. per min. against a 200-lb. total net head. 

166. The Selection Of A Centrifugal Pump For Boiler- 
Feed Service (See Div. 6) requires, primarily, a consideration 
of: (1) Capacity. (2) Discharge or boiler pressure. (3) 
Location with respect to the feed vmter. (4) Load factor of the 
plant. A boiler-feed pump must always be designed for excess 
capacity over that required for the rated boiler horse power 
which is to be served (Sec. 225). Where high peak loads are 
carried for short periods, the installation of duplicate units is 
advisable. One can then be operated under normal loads, 
and both during the peak-load period. When no economizers 
are used the discharge pressure for a centrifugal boiler-feed 
pump should exceed the boiler pressure by about 25 lb. per 
sq. in. When economizers are used, the excess should be 
from 35 to 50 lb. per sq. in. 

167. Where A Centrifugal Pump Is Used For Boiler Feed- 
ing In Connection With A Feed-Water Heater, the hot water 
should flow to the pump under a positive head. Any suction 
pull which is exerted on water will cause a reduction in the 
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absolute pressure and a consequent lowering of the boiling 
point and the water will tend to vaporize. If the total pressure 
exerted at the pump-suction nozzle by the weight of the hot- 
water column is insufficient to overcome this tendency, vapor 
will be formed in the pump, and the pump will become vapor 
bound. This will reduce the piunp-capacity, or it may cause 
the pump to entirely stop delivering water. If the tempera- 
ture of the water to be pumped exceeds 120 deg. fahr. the 
installation should be so arranged that the suction head (Fig. 
153) is positive. For temperatures above 120 deg. fahr., there 




MO , 150 160 no 180 190 200 

Apprwimorte TMnperorture »n Degree* FdhirrtlieH 

Fio. 152. — Graph Showing E£Feotive Head Required At Pump-Suction Inlet To Suo- 
oessfully Handle Hot Water With Centrifugal Pumps. (Based On Data In Alberger 
Pump And Condenser Company's Catalog.) 

should be an effective head on the center of the pump equiva- 
lent to that shown by the graph in Fig. 152. 

Note. — Centrifugal Pumps Will Deliver Water At Somewhat 
Higher Temperatures under the corresponding heads on the suction 
nozzle than those given by the graph of Fig. 152, but the efficiency will 
thereby be materially decreased. 

168. The Dkta Which Should Be Furnished The Pump 
Manufacturer When Requesting Quotations (R. A. Fiske) 
are: (1) CapcLcity of pump — gallons per minute. (2) Total 



138 STEAM POWER PLANT AUXILIARIES [Div. 4 

lift, including discharge and suction head as well as pipe 
friction. (3) Variations in lift, both suction and discharge. 
(4) Type — horizontal or vertical. (5) Quality of liquid, 
fresh water, gritty or solids in suspension. (6) Temperature 
of liquid. (7) Specific gravity of liquid. (8) Service, water 
works, irrigation, boiler-feed or what. (9) Motive power 
to be used. 

Note. — In The Selection Of A Pumping Unit It Is Always Best 
To Obtain Bids From Several Manufacturers; study over the bids 
carefully; tabulate them in so far as the primary features are concerned; 
make a careful comparison of details as to ease of dismantling, method 
of lubrication, size and construction of bearings, materials used, and the 
general ruggedness and serviceability of the pump as a unit. Then pur- 
chase the unit which, on an annual cost basis (see Sec. 366 on Condensers) 
will probably be the most economical. 

Note. — Properties Sometimes Disregarded When Selecting A 
Centrifugal Pump are: (1) Two single-stage pumps each capable of 
delivering 500 gal. per min. at 75 ft. head, connected in series will deliver 
500 gal. per min. at 150 ft. head. The same pumps connected in parallel 
will deliver 1,000 gal. per min. at 75 ft. head. (2) A centrifugal pump 
never loses any head that may be received by it at the suction chamber. 
For example: if a pump capable of delivering water at^ 200 ft. head receives 
it at 100 ft. head it will discharge the water at 300 ft. head. (3) When 
two or more equally rated centrifugal pumps discharge into a common 
main their characteristics should be the same; otherwise, under certain 
conditions of head, they may not give equal delivery and there is the 
possibility of one pump cutting out altogether. 

Note. — It Often Happens That The Driving Unit Selected Is 
Not Manufactured By The Pump Builder. The builder will always 
quote on any standard driving unit which may be required. This raises 
the question as to whether or not the purchaser can effect a saving by 
buying the driving unit direct from the manufacturers and having it 
shipped to the pump manufacturer and assembled to the pump by the 
latter, thus ehminating the carrying charges expected by the pump 
builder. The answer to this is, avoid divided responsibility: Have the 
pump builder furnish the complete unit, and then hold him alone re- 
sponsible for its effectiveness. 

169. Proper Installation Of A Centrifugal Pump requires, 
first of all, that the foundation be built sufficiently massive 
and rigid to avoid excessive vibration. Vibration of the 
stationary details of a centrifugal pump tends to produce 
losses, due to excessive mechanical friction and to leakage 
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through loosened joints. The pump should be set as close as 
possible to the level of the water at the source of supply. It 
will, in every case, be advantageous if the pump can be set 
(Fig. 153) below the level of the suction supply, so that the 
water may flow to it by gravity. Where water at a higher 
temperature than about 120 deg. fahr. is to be handled, this 
provision is practically imperative. The pump should be so 
located as to avoid elbows, bends or other sources of friction 
in the suction line. Where a suction-lift cannot be avoided 
altogether, it should, if possible, be less than 15 ft. 

NoTB, — A SucTioN-LiBT Of More 
Than 15 Fr., including the bead due 
to friction in the pipe, should not be 
attempted with pumps of lai^er size 
than 8-in. discharge. With pumps of 
smaller size, however, it may be pos- 



sible to operate with satisfactory results (should the conditions of 
installation require) with a total suction-head up to 20 ft. 

160. The Direction Of Rotation Of A Centrifugal Pump 
should be determined with a view to convenience and adapta- 
bility in the installation of the pump. The main factor to be 
considered is that the rotation shall be such that the suction 
and discharge nozzles wiU be so disposed as to permit the lines 
of suction and dischai^e piping to be run as nearly straight 



Note. — A Rioht-Hand Cbntrifuqal Pomp (Pig. 154) is one which, 
when viewed by an observer from the motive-power end, rotates clock- 
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wise. A le/l-hand centrifugal pump (Fig. 155) is one which, from the 
same viewpoint, rotates counter-cloclcwise. 

Note. — CuNntiFnoAi. Pumps Akb ConsTRncTrED With The Vomjtes 
Or Casinos So Arranobs (Fig. 156) As To Secure Considerable 

D'reetUn OfRotviion-. 



56.— A left-Hairi Centritu- 



is 01 CeDtrifuESl-Pump Dis- 



DrvEBSiTT in the directions of the diachai^ tangents. This renders it 
possible, in most cases, to select a construction which will permit of a 
straight run of discharge piping directly from the pump. 

161. The Foundation 
For A Centrifugal Pump 
should be made of con- 
crete or brick (see the 
author'8 Machinery 
Foundations). It should 
be built up to within about 
0.75 in. of the level (F^. 
157) at which the pump is 
to stand. This is to pro- 
vide space for leveling and 

FM.m.-8«ti™MFound.tionoiCentrifu- grouting the bed-plate of 
the pump. 
Note. — The Foundation Boi/rs, Fob Holding Down A Centrifu- 

OAL Pump, should have at least 6 in. of thread at their upper ends. 
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ThimbleB (Fig. 157) mtide of standard iron pipe Hhould be set in the ma- 
sonry 30 as to form casings for the foundation bolts. The thimbles should 
be large enough to give about 0.5 in. clearance around the bolts. 

162. To Level A Centrifugal Pump, after the pump has 
been set on the foundation with the bolts projecting through 
the holes in the bed-plate, two or more iron wedges (Fig. 157) 
should be inserted under each of the four edges of the plat«. 
The pump may then be wedged up to the proper level. The 
packing in the stuffing-boxes should then be loosened and the 
revolving parts turned by hand to test their freedom of 
movement. 

Note. — The Bed-Plate Of A Centrifuqal Pump Should Bb 
Grouted (Fig. 157) with liquid cement poured into the space between 
the top of the foundation and the bed-plate. When the grouting has had 
time to thoroughly set and harden, the foundation-bolt nuts may be 
tightened down. Care should be exercised not to draw the nuts so tightly 
as to spring the bed-plate. This, however, is not hkely to occur if the 
space beneath the plate is completely filled with the grout. 

163. The Suction Piping Of A Centrifugal Pump should in 
no case be of smaller size than the suction orifice in the piunp 
casing. If the suction lift exceeds 15 ft., however, it is 



Fio. 158.— Long-Dnift Suetion Piping For Csnir 
■hould be uranged at in Fig. 102 inatcul of u her 



generally advisable to use piping one size larger than the 
suction opening. And if the horizontal distance over which 
the suction supply must be conveyed is very great, say in 
excess of 100 ft. (Fig. 15S), piping at least two sizes lai^er than 
the inlet in the casing should be used. This is to avoid 
excessive friction. Where the water must be lifted, the auc- 
tion pipe should extend (Fig. 158) at least 3 ft. below the 
level of the water in the suction-well, or other source of 
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supply. This is to prevent air being drawn into the pump. 
Scrupulous care should be exercised, in laying out the piping, 
to avoid pockets for the accumulation of air. Where there is 
any suction lift, all portions of the piping should pitch down- 
ward toward the source of supply. In such cases no consider- 
able length of the piping should run horizontally, and no 
part of it, of whatever length, should be allowed to pitch 
downward toward the pump. If the water flows to the pump 
by gravity, or is supplied under the pressure of a pumping 
system as from street-mains, a gate valve should be inserted in 
the suction line close to the pump. This is for convenience in 









Fia. 159.— Foot Valve With Stainer. 



-Hmyiof Rubber- 8 
rc/czof Vor/yzs. z 

Fia. 160.— A Foot-Valve Disas- 
sembled. (Strainer shown broken 
from seat-flange.) 



case it might be necessary to disconnect the pump for repairs. 
If the pump is required to lift its suction supply, a foot-valve 
(Figs. 159 and 160) should be connected to the inlet orifice of 
the suction pipe. All right-angled turns in the piping should 
be made with long-radius bends. 

Note. — Where A Number Of Centrifugal Pumps Are Required 
To Take Their Suction From A Common Source each pump should 
(Fig. 161) have an independent suction line. 

Note. — ^A Foot Valve (Figs. 159 and 160) is merely a check valve, 
provided with a strainer, which is arranged for attachment to the lower 
end of a suction pipe. 

Note. — It Is Inadvisable To Terminate The Suction Line In An 
Elbow Connected Directly To The Suction Nozzle of the pump. 
An elbow so connected causes a whirling motion of the entering water. 
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This tends to produce an irregular flow. Alao, if the pump is of the 
doub)e-0uction type (Fig. 130) it tends to cause a condition of unbalance 
between the pressures on the two sides of the double impeller. 

Where it is necessary to insert an elbow at the pump end of the suction 
line, a short length of straight pipe should intervene between the elbow 




Comi 



and the suction nozzle of the pump If the suction line ia of larger size 
than the nozzle then a tapered reducer mav be used The reducer 
should however be of eccentno form (Fig 162) so as to avoid the air 
pocket which (Pig 163) would result if a reducer with concentric ends 
were used. 



l-dsclKirgv 




Fia. 182.— Showing Ho«» Enlwged 


Fig. lea.— ShowiBgHowConcenb 


8ue«on Line Should Be Connected To 




Centrifugal Pump. 


Line Forma An Air-Poeliet. 



164. The Suction Pipe Of A Centrifugal Pump For Drawing 
Water From A Driven Well (Fig. 164) should, if the well is 
deep enough, run down inside the well-easing to a depth of 
about 25 ft. The annular space between the suction pipe and 
the casing should be sufficient to permit free access of air to the 
surface of the water in the well. This space should be left 
uncovered at the top of the casing. 

NoTB. — A SiNOLB Centbifuoal Pump Shoulu Not Bd Rxqcirxd 
To Ltrr Water Fkom A Battbrt Of Wills Ob Suufb. A separate 



144 STEAM POWER PLANT AUXILIARIES (Div. 4 

pump should be coDDected to each well. Where the suction piping of a 
single pump is conQect«d to more than one well, the pump will tend to 
drv/r the larger part of ite supply from the well or wells nearest to it. 



Fia. 104.— CentrifuasI Pump Drawing Water From A Driven Well. 

One of the wells may thus be pumped down to the level of the inlets to 
the piping. When this occurs, air will enter the piping and break the 
suction from the other wells. 
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NoTB. — A Bt-Pabs Bbtwben The Suction- and Thh Dibcharqe- 
PiPiNO Of a CEtnniFuaAL Puhp {Fig. 166) may often be useful ae a 
meana of preventing the pump from losing its suction, due to low water. 
This may occur where the pump is used for drawing water from a sump. 
By adjuetment of the valves A and B the water in the sump can generally 
be kept at any desired level. 

166. An Air-chamber In The Stiction Line Of A Ceotrifugal 
Pump (Fig, 166) may be necessary where the water that is to 
be pumped is bo impregnated with air that the auction lift 
cannot otherwise be steadily maintained. By running a pipe 
from the top of the air-chamber to the vacuum pump of a 



Fia. les. — Csntriluc^ Pump Wi 

condenser or of a heating system, or to any system of piping 
in which a vacuum is maintained, the air can be removed as 
fast as it separates from the suction water. 

NoTB. — Tbb VACUtFM Pipe leading from the aiI^H;hamber in a cen- 
trifugal-pump BuctioD line should extend to a vertical height of at least 
34 ft. above the level of the suction nozzle of the pump. This is to 
inaure that no water will pass from the suction line into the vacuum 
ayHt«m to which the air-chamber is piped. 

166. The Discharge Piping Of A Centrifugal Pump should 
be laid out with a special view to minimizing pipe friction. 
Unnecessary or avoidable frictional resistance in the piping 
means a wasteful expenditure of power in driving the pump. 
The piping should never be of smaller size than the discharge 
nozzle of the pump. But where pipe friction, due either to 
excessive length of the line or to unavoidable turns therein, is 
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a considerable item, it is usually advisable to minimize it by 
using pipe of a larger size than the pump connections. 

Note. — The Flow Vblocitibb And Corhes ponding Friction aii 
Rksistancbb Of Systems Of Discharge Piping may be computed, and 
adequate pipe sizea selected by using the values given in Table 14 or 15. 

167. The Discharge Pipe Of A Centrifugal Pump Should 
Contain A Check-Valve (Fig. 167), located as closely as 
possible to the pump. The function of the check-valve is to 
protect the pump-casing from breakage, due to waterhammer 
that might occur in the dis- 
charge line. Waterhanmier is 
particularly liable to damage a 
centrifugal pump which is un- 
protected by a check valve, if 
a float valve is attached to the 
suction line. 

Note. — A Gate Valte Should Bb 
Installed In Addition To the clieck- 
valve in the discbarge line of a cen- 
trifitgal pump. The check-valvo 
should be connected between the gate 
valve and the pump discharge nozzle. 
The function ot the gat« valve is to 
afford a means for controlling the dis- 
chai^ from the pump. It also serves 
to isolate the check-valve from the 
discharge piping in the event of repair 
Fig. 167. — Priming Ejeetot Fot or inspection of the check-valve be- 

tJae With Pump Unprovided With coming necessary. 
Foot Valve. (Valve A ia first opened. 

"^L'^l^^^b^J ^ ZTh^t:> ^^- Centrifugal Pumps Re- 

ejector no«le. C, th* pump 19 primed. qUirC PHming, That iS, the 

casing of the pump must be 
filled with water before the im- 
peller is set in motion. Where the pump is below the water 
level of the source of supply (Fig. 153) it may be primed 
simply by opening the gate valve in the suction pipe. Where 
a foot-valve is used (Fig. 168) and the discharge pipe is con- 
nected to an overhead tank or reservoir, a by-pass (Fig. 168) 
may be connected between the discharge pipe and the suction 
pipe to compensate for leakage through the foot-valve while 
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the pump is shut down. The casing may thus be kept full 
of water at all times. 

Note. — A Centrifugal Pomp Should Not Be Rxm When Its 
Casino Is Ehptt. Certain of the 
interior parts are lubricated only by 
the water which passes through the 
pump. Runniag the pump dry is 
ruinous to these. 

169. There Are Several 
Methods Of Priming Centrifu- 
gal Pumps. — A vacuum pump 
may be connected (Fig. 169) to 
the opening in the top of the 
casing. Then with a check-valve 
in the discharge pipe or with the 
gate valve in the diachai^e pipe 

, , ,, . , , , , Fio. 168. — Showing How The Di*- 

closed, the air may be exhausted charge pipe ot a centrifugal Pump 
from the casing so that the Should Be vaivod. 
water will rise and fill the casing through the suction pipe. 
The same effect may be produced by running a pipe from the 




Fio. lao. — Centrifugal Pump Ar- Fia. 170, — Priming-Puinp Mounted 

tBDged For Pruning By Means Of A On Cunng Of Centritugal Pump. 

VuDum Pump (Valve A is Biat opened. Handle. H. 

is then worked until water appears at 

Spout B. Valve, A, may then be closed 

and the pump atarted, ) 

top opening in the casing to a steam-condensing system, or to 
any system of piping in which a vacuum exists. In some 
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situations it may be convenient to fill the pump casing directly 
from the city water mains, or from an elevated tank in a 
house or factory water supply system. Or a hand-pump, 
mounted either on the pump casing (Fig. 170) or on the wall 
nearby (Fig. 171) may serve as a priming apparatus. The 
siphoning effect of a jet of steam, compressed air or water is 
also commoidy utilized in the priming of centrifugal pumps. 



Pig. 171.— PrimincPump Mounted On Fw. 172.— Priming Ejeotor For Vaa 

WaU. (Vtixa, A. ia first opened. With Pump Provided With Foot V«l»o. 

Handle, H. b tbea worked until wslcr (The noiila-valTe, .l. b first oc>eaed. Tba 

■>pp«kni (t noiile. K, Vilve. A. may steam valve, B, b then opened. Wiies 

tiien be oloaed and the pump started.) water begins to flow from the bleeder. C, 



The device which embodies this principle is called a primtTtg 
ejector. Fig. 167. 

170. Where No Foot-Valve Is Used (Fig. 167) the priming 
ejector should be so arranged that the current of steam or 
compressed air will draw the air out of the pump casing. The 
water will then rise through the suction pipe of the pump. 
Where a foot-valve is used (Fig. 172) the ejector should be 
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SO arranged that the current of steam or compressed air will 
draw the water up through the suction pipe of the ejector 
and discharge it into the pump casing. 

Note. — With A Low SncnoN Lift, 6 ft. or less, a ceQtrifugal pump 
can be primed, where the discharge pipe is filled with water and no foot- 
valve has been provided, by first starting it in motion and then letting 
water flow into the casing through the discharge pipe. But this is a 

very objectionable method and should not be attempted where other 
means are available. When a centrifugal pump is primed in this manner, 
the load is suddenly thrown on while the apparatus is rotating at a high 
speed. The shock thus produced may result in injury to the impeller, 
shaft coupling or driving motor. 

171. A Centrifugal Pump Should Be Started With The 
Discharge Valve Closed. — This is generally necessary (Sees. 
168 to 170) to facditate priming 
of the pump. But aside from 
this consideration, closure of the 
discharge valve while the pump 
is being started is advisable in 
order that the full load may be 
imposed gradually (Sec. 146) 
upon the driving motor or 
mechanism. When running 
against a closed discharge valve, 
a centrifugal pump requires only 
from 35 to 50 per cent, of the 
power which it consumes when 
running at its economic dis- 
charge capacity. 

Note. — A Cbnteifpoal Pvup Can 
Be Run With The Discharoe Vaive 

CloSBB WlTHODT GCNBRATlKa An pia. 173.— C e n ttit u g a 1 Pump 
Excessive Phebsprb and, there- Equipped With Branch DiBcharge Pipe 
fore, without danger of rupturing ToPrevmtChurningWhenPumpRuiu 

the casing. But it should not be per- A««n.t CloMd D»ch«ge Vslv.. 
mitted to run in this manner longer than about 20 min. at a time. 
When running against the closed discharge valve the propeller chums 
the water in the casing. Churning of the water develops beat therein. 
If continued long enough it may result in the water becoming heated 



150 STEAM POWER PLANT AUXILIARIES [Div. 4 

to a vei7 high temperature. This might be dangerouB, due to the 
tendency of the rotating parte to expand until seized by the bearings. 

Where a centrifugal pump is driven from a line-shaft, in a factory or 

mil l, it may be inconvenient to shut down during lulls in the demand for 

a delivery of water from the pump. But in such cases a small branch 

discharge pipe (Fig. 173) should be run from the discharge nozzle to the 

suction well, so that a small quantity of water may pass through the 

pump and thus prevent churning and 

heating when the discharge valve is 

closed. Where an independent driv~ 

, ing apparatus, aa an electric motor 

(Fig. 174) ia used, it should be shut 

down when a delivery of water is not 

desired, 

172. To Start A Centrifugal 
Pump the discharge valve should 
' first be closed and the pump 
primed. First turn the impeller 
over a few times by hand to allow 
all air to escape by way of the 
air cock at the top of the casing. 
After the pump has been fully 
primed (Sees. 168 to 170) it may 
be started. The priming con- 
nection should be closed as soon 
as the impeller shaft begins to 
turn. The discharge valve 

Fio. 174.— SubmerBibleTypeOtVertLcal should remain cloScd Until full 

Centrifugal Pump jaBi.Ued IB Sump, speed is attained. It should 
then be opened slowly so that the motor may pick up the full 
load gradually. If the pressure does not build up as the speed 
increases, the pump is not thoroughly primed. In this event the 
pump should be stopped and reprimed. Finally, the bearings 
should be examined to see that the automatic oilers are working 
properly, and the packing glands should be adjusted to allow a 
reasonable leakage from the stuffing-boxes. Leakage from a 
stuffing-box indicates that water is being supplied to the 
water-seal ring which is placed in the stuffing-box and which 
prevents air from being drawn into the casing. Usually, the 
nuts on the gland bolts can be drawn sufficiently tight with the 
fingers. 
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Note. — Under No Circumstances Should A Centrifugal Pump 
Be Run In The Wrong Direction. The right direction is generally 
indicated by an arrow (Figs. 154 and 155) cast upon the casing. When 
a centrifugal pump is run in the wrong direction, certain interior parts, 
which are held in place by screw threads, are hable to unscrew and 
thereby wreck the pump. 

173. Electrically-Driyen Centrifugal Pumps Should Be 
Operated Under A Steady Voltage. — No attempt should be 
made to operate an ordinary motor-driven centrifugal pump 
with electric current from any circuit, as a street-railway 
trolley circuit, the voltage of which fluctuates widely. 

Note. — If A MoTOR-DRrvEN Centrifugal Pump Is Designed To 
Run At A Speed Corresponding To The Motor Speed at the maxi- 
mum value of a fluctuating voltage, it will dehver httle or no water when 
the voltage is low. On the other hand, if it is designed to give the desired 
capacity with the motor speed corresponding to the minimum value of 
the voltage, the motor may be seriously overloaded when the voltage 
rises to its maximum value. 

174. Centrifugal Pumps Are Not Difficult To Maintain 

in serviceable condition. This is due chiefly to the absence 
of reciprocating parts in their structural details. The prin- 
cipal details to be looked after are the shaft-bearings, stuffing- 
boxes, and wearing-rings. 

Note. — Before A New Centrifugal Pump Is Put In Service 
the bearings should be carefully cleaned with kerosene or gasoline. The 
oil-wells should then be filled with a good quality of mineral oil, such as 
is especially prepared for motor bearings. The oil should be strained to 
insure that no gritty matter is mixed with it. The oil in the wells should 
be changed at proper intervals, perhaps every two weeks in the majority 
of cases. At such times the bearings should be thoroughly washed with 
kerosene. 

Note. — When A Centrifugal Pump Is Used For Moving Corro- 
sive Liquids or sewage, the water used in water-seal connections of the 
stuffing-boxes should be piped from some clear-water source. In such 
cases the now unnecessary openings which would otherwise be in the 
casings should be plugged. 

Note. — The Stuffing-Boxes Of Centrifugal Pumps Should Be 
Packed with loose braided cotton packing impregnated with graphite. 
Ordinary flax packing should not be used, inasmuch as the friction be- 
tween this kind of packing and a rotating rod is apt to be excessive. 

Note. — It Is Generally Advisable To Drain The Casing Of A 
Centrifugal Pump When The Pump Is Out Op Service. This is 
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imperative where the pump is expoeed to freezing temperature. The 
pump may be drained by removing the plug (Rg. 131) in the bottom of 
the easily. 

NoTK. — Where A Vkrtical CENTRiPTraAL Pump Is Rbqcirbd To 
Opkrate In A SuBUERQED Position (Fig. 174) the shaft connection to 
tliB motor should be so designed as to remove the ball thrust-bearing, 
which sustains the weight of the shaft and impeller, entirely from contact 
with the liquid that is being pumped. Adequate lubrication of the bear- 
ing cannot otherwise be secured. 

176. A Rotary Pump (Fig. 175) is a positive-action dis- 
placement pump. It should not be confused with the centri- 
fugal pump. While the 
motion of both types of 
pumps is one of rotation, 
the principles involved are 
entirely different. 




D Rottuy Fia. ITS.— Sbowinc OpersUon Of A Ro(«ry 

176. The Action Of The Rotary Pump may be understood 
by a consideration of Fig. 176. Suppose the pump is fully 
primed, that is, the casing and suction pipe are completely 
filled with water. The shafts, 5, are driven in the direction 
as shown, by a pair of spur gears which are outside of the 
casing, C, and are not shown in the illustration. The hquid 
is engaged by the teeth of the lobe gears, G, and being thus 
confined in the spaces, B, by the lobe gear teeth and the casing, 
ia carried upward by the rotation of the gears to the discharge 
outlet, D. The teeth of the lobe gears are ao designed that at 
every instant they mesh with each other, thus preventing the 
water from returning to the suction side between the gears. 
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177. The Advantages Of The Rotary Pump are: (1) Law 
first cost (2) Small dimensions. (3) Ease with which it may 
be cleaned. 

178. The Disadvantages Of The Rotary Pump are : (1) Noisy 
in operation. (2) Inefficiency due to the slip which is caused by 
the wear on the lobe gear teeth. (3) Low speed, which usually 
necessitates the use of reduction gears if motor or steam 
turbine drive is employed. 

179. The Services For Which Rotary Pumps Are Most 
Commonly Used are: (1) Fire protection. (2) Pumping of 
oils, chemicals, cider, vinegar, etc. (3) Circulating cooling- 
water for gas engines. (4) Circulating oil for pipe-cutting and 
threading machines. (5) Factories in which food products are 
handled in liquid form. The feature which adapts the rotary 
pump to most of these services is the ease with which it can be 
cleaned. These pumps are manufactured in sizes ranging 
from the small hand-operated size to those having a capacity 
of 900 to 1,000 gal. per min. against a 230-ft. elevation. 

QUESTIONS ON DIVISION 4 

1. Why was the development of the centrifugal pump retarded until recently? 
t. What is ft centrifugal pump? 

5. iEzplain, using a sketch, the theory of the centrifugal pump. 

4. Upon what law of physics is the peripheral speed of a centrifugal-pump impeller 
based? 

6. What is the toiai head pumped againetf 

6. Upon what factors depend the quantity of water which a centrifugal pump will 
deliver? 

7. What theoretical relations exist between the speed of the impeller and the quantity 
of water delivered? The head produced? The required power? 

8. What can be said concerning the applications of the turbine and volute pumps? 

9. How does increasing the number of stages increase the head produced? 

10. What are the forces which tend to unbalance the impeller? 

11. Explain two methods of counteracting these forces. 

It. How is end-thrust taken care of in double-suction pumps. 

IS. Name some advantages and disadvantages of the open impeller. Of the enclosed 
impeller. 

14. What is the chief disadvantage of a vertical-shaft centrifugal pump? 

15. In what ways are centrifugal pumps classified? 

16. What are the characteristics of a centrifugal pump? How are they obtained? 
Draw and explain a characteristic graph for a centrifugal pump. 

17. Give four methods of driving centrifugal pumps and tell wherein each method 
is applicable. 

18. Why is a flexible coupling used to direct-connect a centrifugal pump to its motive 
power? 

19. Name the more common services to which centrifugal pumps are applicable. 

to. Why must a centrifugal pump be installed with its center-line below the supply- 
water level when handling hot water? 
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11. Upon what two factors in the installation of a centrifugal pump does successful 
operation of the pump mainly depend? 

SS. What is the highest suction lift generally advisable for centrifugal pumps? 

15. What is a rigfU-hand centrifugal pumpf A left-hand centrifugal pumpf 

14. What consideration, in any case, should decide whether a right-hand or a left- 
hand centrifugal pump should be instaUed? 

16. Explain how a centrifugal pump should be leveled and grouted. 

16. Under wh%jt circumstances would it be advisable to make the suction pipe of a 
centrifugal pump two or more sices larger than the suction nossle? 

17. What should be the least depth of submergence of a vertical suction pipe? Why? 

18. How should the suction line of a centrifugal pump be valved? 

19. Why is it inadvisable to draw water from a battery of driven wells with but one 
centrifugal pump? 

50. In centrifugal-pump operation, how may trouble due to air-impregnated suction- 
water be avoided? 

51. What is the principal consideration in determining the proper sise of discharge 
piping for a centrifugal pump? 

SI. What is the function of a check-valve in the discharge line of a centrifugal pump? 
Of a gate valve in the dbcharge line? 

88. What is meant by priming a centrifugal pump? 

84. Why is it detrimental to run a centrifugal pump without liquid in the casing? 

86. Explain the operation of priming a centrifugal pump with an ejector where no 
foot-valve is used. Where a foot-valve is used. 

86. Why is it detrimental to prime a centrifugal pump while the impeller is in motion? 

87. Why should a centrifugal pump be started with the discharge valve closed? 

88. Why is it generally objectionable to run a centrifugal pump continuously with 
the discharge valve closed? 

89. How may a centrifugal pump be piped so that it may, with safety, be run con- 
tinuously with the discharge valve closed? 

40. Explain the procedure of starting a centrifugal pump. 

41. Why is leakage from the stuffing-boxes of a centrifugal pump permissible? 

41. What damage may result from running a centrifugal pump in the wrong direction? 

48. Why is it inadvisable to operate a motor-driven centrifugal pump with electric 
current from a trolley circuit? 

44. Mention some precautions which should be adopted regarding the lubrication 
of centrifugal-pump bearings. 

46. How may clear water be obtained for sealing the stuffing-boxes of a centrifugal 
pump if the pump is handling sewerage? 

46. What kind of packing should be used in the stuffing-boxes of a centrifugal pump? 

47. Explain the action of a rotary-pump. 

48. Name its advantages. Its disadvantages. 

49. To what services is it applicable? 

PROBLEMS ON DIVISION 4 

1, What must be the theoretical peripheral velocity of the impeUer of a centrifugal 
pump to deliver water against a total head of 160 ft.? 

1. If the impeller in Prob. 1 is to be driven at 1,710 r.p.m., what should be its diameter? 

8. A centrifugal pump running at 1,140 r.p.m. produces a head of 90 ft. Assuming 
no head to be lost in friction, what head will the pump produce at 1,600 r.p.m.? 

4. If a centrifugal pump delivers 400 gal. per min. when running at 1,450 r.p.m., 
what will be its capacity when driven at 1,600 r.p.m.? 

6. A belt-driven centrifugal pump requires 10 h.p. to drive it at 900 r.p.m. What 
should be the width of the belt if the driven pulley is 7 in. in dia. ? 



DIVISION 5 

INJECTORS 

180. An Injector (Fig. 177) is a boiler-feeding device con- 
sisting of a group of nozzles so arranged that a jet of steam 
expanding therein strikes a mass of water and condenses. 
Thereby it imparts its velocity and heat enei^ to the feed- 
water which gains, in this way, sufficient momentum to force 
itself into the boiler against a pressure higher than that of the 
original steam. 



Fio. 177, — IlluHtntiDc The Principle Of Tbe InjBctor. 

Note. — Ordinary injectors can discharge against a pressure greater 
than 130 per cent, of the steam-supply pressure. Special injectors are 
obtainable which will utilize exhaust steam at atmospheric pressure and 
therewith pump water into a boiler containing steam at 80 lb. per sq. in. 
A brief explanation of the principles involved will clarify thia seeming 
mystery. 

155 
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181. The Theory Of The Injector may be explained thus: 
A pound of steam is a reservoir of considerable energy. Ex- 
panding, in a well-designed nozzle, from 160 lb. per sq. in. 
(gage) down to a 24 in. vacuum, 20 per cent, or about }'i of 
its heat content is changed into mechanical energy of motion, 
or kinetic energy, amounting to 188,000 foot-pounds. If all 
of this kinetic energy could be utilized, it would force 500 lb. 
of water back into the boiler. Over 97 per cent, of it, however, 
is changed back again into heat when the steam jet, travelling 
at the rate of 40 mi. per min.y projects itself against the 
slowly moving mass of water. 

Note. — The impact of two bodies always results in the generation of 
heat at the expense of kinetic energy. Now, the remaining 3 per cent, 
of kinetic energy, after the 97 per cent, has been reconverted into heat, 
is sufficient, theoretically, to force 15 lb. of water back into the boiler. 
But pipe friction and other losses cut this down to about 13 lb. of water 
pumped per pound of steam consumed at 150 lb. per sq. in. pressure. 
The remaining 97 per cent, of the energy which was changed back into 
heat and the ^ of the original heat content of the steam, are not lost 
but are absorbed by the feed water and returned to the boiler. 

182. The Essential Parts Of An Injector are shown in Figs. 
177 and 178. These are purposely drawn out of proportion 

so that the characteristic 

^!!^^'V 'it^rr, Over fioy^ Outlet shapes of the nozzles can 

Chamber, njf*']' HT ju _t 

Steam \ ( fTl^^^ ^ disccmed more clearly. 

; JL- i^^^^l^ ^ M ^■*— I Explanation. — The steam 

iJL^^^j^^^ nozzUy S, (Fig. 178) at the left, is 

^^^^'^y^^sr^n \ \ i' so designed that the steam, in 

j^M^uSS"^^ / Delivery-^ .\ passing throtigh it, loses pressure 

Inlet'-' |^.|l I ^'overfiovt ^''^"^ and gains a tremendous velocity. 

ILJI Chamber. When a pound of steam expands 

l< I G . 1 7 8 .-Sectional View Of Elementary ^^^m boiler pressure to a partial 

Injector. vacuum and to the correspond- 

ing lower temperature, it liber- 
ates heat which is converted into kinetic energy and thereby causes the 
steam to attain a very high velocity. For an explanation of the conver- 
sion of heat energy into kinetic energy, due to expansion through a 
nozzle, see the author's Steam Turbines. The combining tube, C, 
is a cone-shaped nozzle in which the swiftly moving steam jet strikes 
the water and is condensed. The delivery tube, D, is a diverging 
nozzle. It receives the combined jet of water-and-condensed-steam 
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and gradually converts moet of the kinetlo or velodtjr energy of the 
jet into Btatic eoe^y or pressure. This ia needed to overcome the 
head against which the injector is discharging. Overfiowt, B, are 
slots or spill-holes, usually located in the combining tube, to permit 
excess water or steam to escape when starting up. The vxuU- 
vabx, V, may be a stop valve 
but is usually a lift or swing 
check which closes automatic- 
ally in case that a partial 
vacuum is formed in the over- 
flow chamber, 0. Thus, V, 
prevents the inrush of outside 
air that would tend to scatter 
the jet. The water in the suc- 
tion chamber, W, is drawn into 
the combining tube by the par- 
tial vacuum which is due to the 
continuous condensation of the 
steam therein. 

183. Injectors Are 
Classified as: (1) Lifting. 
(2) Non-IAfting; depend- 
ing on whether or not a 
partial vacuum is created 
in the suction pipe when 
startii^ up. A non-lifting 
injector must always be 
placed bdow its source of 
feed water on this account. 
Injectors that have one set 

_• I ,r i7!_ ,™i-,\ c Fia- ITS- — The "Hancock Iiupimtor." A 

of nozzles {L Fig. 179) for o^tW-Tub, I»jeHor, Jt « claimed th.tit 

lifting the water and an- *ai. without adjustnunt. <>p«ntc on Bt«m 
other set, F, tor forcing it S.TT ™.".Jrb.i5.*°iS°i'ii.'i'"S 
into the boiler are called a to 4 ft., utt so-de«, wBtw zo ft., and with 
dmtbU-tubeinjecUyrs. Thoee l^j^^^t^T, \^T^ "" "" ""' ^^ "' 
which accomplish the same 
result with only one 8et of 
nozzles (Fig, 180) are called singU-tuhe injectors. If the oper- 
ation of an injector automatically re-establishes itself after an 
interruption in steam or water supply, it is said iohGTe-siarting, 
or, more usually, automatic. But when the injector must be 
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manually re-started, before it will continue to operate, it is 

said to be positive. Automatic adjustment for variations in 

steam pressure or in height of lift and temperature of feed 

water is a feature of self adjusting injectors. All double-tube 

injectors, and a special type of single-tube injector which has 

a moving combining tube, 

belong to this class. The 

Sellers self-acting injector 

is both self adjusting and 

re-starting. 

184. How An Automatic 
Iniector Works is indicated 
by Fig. 180 which shows a 
section through a Pen- 
berthy Automatic In- 
jector. This is a single 
tube, re-starting, lifting- 
type injector: 

Explanation. — Steam ent«rs 
at the top, and, expanding in the 
stetun nozzle, R, rushes through 
the draft-tube, S, carrying with 
it enough entrained air t^i ct«at« 
a partial vacuum in suction 
chamber, B. Unable to dis- 
^ ~, .IT, I 1 ,. ™ . » I . . charge against the boiler pres- 

FiG. 180. — "Penbertliy" Simle-Tube AuWf- ", . , ,. ,. 

motir: inJBCtot. ^^^' "^ ^team escapes through 

the lat^ opening above the 
shding washer, T, and through the overflow opening, D, via P and O 
to the atmosphere. The partial vacuum in B has already lifted water 
into it, and this water has condensed part of the steam. As more and 
more of the steam condenses, the jet becomes more compact and finally 
becomes sufficiently small to pass through the least diameter of the 
combining tube, C. Thence it passes through the dehvery tube, Y, 
and a check valve {Fig. 187) to the boiler. 

The swiftly-moving jet of water-and-condensed-steam creates a par- 
tial vacuum in tube C. This draws the loose washer, T, up against its 
seat. Thereby is prevented any inrush of air which would scatter the 
jet. The closing of T also prevents any loss of feed water through it. 
If the steam or water supply becomes interrupted, the jet is destroyed 
and the vacuum above T is lost. This allows T to drop down to ite 
original position. Hence, upon the resumption of the steam or water 
supply, the operation just described is repeated. 
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186. How A Positive Injector Works is indicated in Fig. 181 
which shows a aection view through a Metropolitan Model 
Injector. This is of the positive, double-tube, lifting type and 
is operated entirely by one handle. 

Explanation', — Wbea handle, H, is pulled back slightly, steam is 
admittad to the lower lifting noizle, N, through the openii^ of the 
auxiliary valve. A, and of the regulating value, R. The lifting uozzlea. 
N and C, now begin to operate. The excess steam eacapes through the 
intermediate overflow valve, 0, and thence to the atmosphere, through 
the final overflow or waste valve F. As soon as water is lifted, it will 
reach the overflow through C. The operator then pulls the handle back 



Fio. ISl.— "MeU^pDlitan" Modsl-O, Double-Tube Injector. 

gradually, admitting steam into the main nozale, M, through the steam 
valve, V. The action of this steam in passing through the remaining 
nozzles has already been explained. By the time the handle has been 
pulled back as far as it will go, the injector is feeding into the boiler 
through check valve, D, and the link, L, has moved to the left far enough 
to close the waste valve, F, by means of the bell crank B and the stem 5. 
Begulating valve ft is used to control the supply of water to the injector. 

186. The Advantages Of An Injector are: (1) Simplicity. 
(2) Compactness. (3) Low first-cost. (4) High temperature of 
feed-^water delivered. (5) Ease of operation. (6) Low cost of 
upkeep and repairs. (7) High thermal efficiency, about 99 per 
cent, of energy put into it is utilized. The absence of any 
moving parts is responsible for most of these advantages. 
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There are practically no packing glands to be renewed and no 
parts to be lubricated. 

Note. — Cold Feed- Water Sets Up Strains That Endanger The 
Structural Strength Op A Boiler. Hence, an injector is of peculiar 
advantage on locomotives where the lack of space and the use of the 
exhaust steam for stack draft prevent the installation of feed-water 
heaters. These same two conditions render the injector peculiarly 
applicable on locomotives because of its compactness and because it is 
many times more economical than the feed pump if the exhaust from 
the latter is not used to heat the feed-water. Used as an emergency feed, 
an injector involves a minimum of overhead expense. 

187. The Disadvantages Of The Injector are : (1) Inability to 
handle water which is very hot. (2) Irregularity of operation 
under extreme variation in steam pressure, in temperature of 
inlet water and in quantity of water handled, (3) Efficiency 
as a pumping unit is extremely low, never over 1 or 2 per cent ; 
that is, when used in ordinary pumping service — not for 
boiler feeding — an injector does not compare at all favorably 
with ordinary pumps in economy. Few injectors can handle 
water at 150°F. and most of them become inoperative at 
much lower inlet water temperatures. This is the real reason 
why injectors are not extensively used in large power plants. 
Such plants always have an ample supply of exhaust steam, 
available from the auxiliaries. If this steam is not used to 
heat the feed-water it will be wasted. 

Note. — A Feed- Water Heater Placed On The Suction Side Of 
A;^ Injector Would Heat The Water Too Hot For Its Successful 
Operation. Placed on the discharge side, a feed-water heater would be 
inefficient because the injector would deUver water to it at such a high 
temperature that the heater would not abstract much additional heat 
from the exhaust steam. To heat feed-water with live steam, when 
exhaust steam is available, results in poor economy. The irregularity 
of operation due to variations mentioned above is not, in situations for 
which the injector is adapted, a serious drawback and necessitates only 
a reasonable amount of attention from the operator. 

188. The Applications Of Injectors Of The Different Types 

will now be considered: Whenever it is necessary or desirable 
to locate the injector above the source of feed, the lifting type 
must be used. This is especially true in locomotive practice 
where it is very advantageous to have the injector where the 
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engineer can see the overflow outlet. The non-lifting type is 
simpler, cheaper and of special advantage where scale-forming 
feed-water is used, because it will not clog up readily and is 
very easy to clean. Double-tube injectors will handle hotter 
feed-water through higher lifts than will those of the single- 
tube type. Hence they are used exclusively on locomotives 
as a main feeding device, and, extensively, on board ship and 
in stationary power plants for emergency boiler-feeding. Re- 
starting injectors are used on small boats, traction and logging 
engines, and in small power plants. They are of special ad- 
vantage for boats, road engines and similar applications 
because the sudden interruption of water supply, due to jar or 
to movement of the boat, will be taken care of by the "auto- 
matic" feature. The "self acting" injector was designed for 
locomotive use but is applicable where any double-tube type 
is necessary. Injectors are often used for testing and washing 
boilers, feeding compound into boiler, and similar services. 
189. A Simple Approximate Equation Of The In jectori which 
shows the relation between: pounds of water pumped per pound 
of steamy the initial temperature of the steam j and the final tem- 
perature of the condensed steam is given below. It is similar to 
one proposed by Julian Smallwood in his Mechanical Labora- 
TORT Methods. In this equation radiation losses and the 
amount of heat which is changed into work are neglected. 
These two quantities amount to only 1)-^ per cent, of the 
total heat energy involved. See derivation below. 

(62) W„. = ^^' t ^'^^'m ^^'^ (lb. water/lb. steam) 

Wherein (see Fig. 182) W,tr = pounds of water pumped per 
pound of steam, x = quality or dryness of steam, expressed 
decimally; if steam contains 1 per cent, of moisture, then x = 
0.99; a working average value for per cent, moisture is 2 per 
cent., in which case x = 0.98. Hv = latent heat of vaporiza- 
tion of steam at the absolute pressure, Pa, at which the injector 
is receiving steam, as taken from a steam table, in B.t.u. Tf, = 
temperature of the steam, at absolute pressure Pa, in degrees 
fahrenheit. T/d = final temperature of condensed steam = 

temperature of feed water discharged into boiler, in degrees 
11 
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fahrenheit. T/i = temperature of intake water to injector, in 
degrees fahrenheit. 

Note. — The Measure Of The Economy Os* An Injector is the 
weight of water pumped per pound of steam used. This value may be de- 
termiDed by applying For. (62). 

Derivation. — When 1 lb. of steam at some absolute pressure Pa lb. 
per sq. in., is condensed and then cooled down to a temperature of T/d 
deg. fahr., it gives up a quantity of heat = B.t.u. = xHv + (T/. — T/d). 
Now, each 1 lb. of water pumped into the boiler absorbs heat energy 
= B.t.u. = T/d — T/i. Then, neglecting the radiation losses and the 
amount of heat which is changed into work (both of which amoimt to 
only 13^ per cent, of the total heat energy involved), the following ap- 
proximate relation exists in the injector, because the heat absorbed by 
the water must just equal the heat given up by the steam: 

(63) Heat absorbed by water pumped — Heat given up by steam used, 

(64) Heat absorbed per 1 lb, of water pumped — Tfd — T/i 

(64A) Heat given up per 1 lb. of steam used — xHv + (T/„ — T/d^ 

Then, if W« = weight of water pumped, in pounds, and W, = weight of 
steam used, in pounds, it follows from For. (63) that: 

(65) W„(!r/d - Tfi) = W.[xH, + (T/. - Tsd)\ 
Now, transposing: 

fr,r,S W« XHr, + {Tf. - Tfd) 

^^^^ w: Tfd - Tf, — 

But if W«ff is taken to represent pounds of water pumped per pound of 
steam used, then: W,u, = W«,/W«. Now substituting this W«p for its 
equivalent in For. (66), there results For. (62): 

(67) W.„ = a;g. -j- (T/, - Tfd) ^j^ water/lb. steam) 

Ifd — ifi 

Note. — To determine the value of W«p for any injector, it is (assum- 
ing that the quality of the supply steam is known, Author's Practical 
Heat, Div. 19) merely necessary to observe (Fig. 182) the intake and the 
discharge-water temperatures at the injector, observe the steam pres- 
sure, substitute in For. (62) and solve. 

Example. — In testing an injector (Fig. 182) the inlet-water tem- 
perature was 63 deg. fahr., the discharge-water temperature was 202 
deg. fahr., and the steam pressure, as indicated by the gage, was 105 lb. 
per sq. in. The moisture content in the steam was 2 per cent. How 
many pounds of water was this injector pumping per pound of steam 
which it used? 

Solution. — The quality of the steam = x = 1.00 — 0.02 = 0.98. 
The latent heat of evaporation of steam, as taken from a steam table- 
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at 105 lb. per aq. in. gage (= 105 + 14.7 = 119.7 lb. per tq. in. ab- 
sdvie) is 877 B.l.u. The temperature of ateam at 119.7 lb. per sq. in. 
absolute, as taken from a steam table, is 341 deg. fahr. Now substitute 
in For. (62): W„ = [xH. + (T,. - T„)y(T,4 - T,i) = (0.98 X 877 + 
(341 - 202)1 + (202 - 63) = [859.5 + 139] -i- (139) - 998.5 + 139 = 
7.18 ft. o/ water per ft. oj steam. 



190. To Compute The Horsepower Actually Delivered By 
An Injector, apply For. (24). The amount of water which the 
injector is handling, may be determined by weighing the water 
before it is pumped. 

191. The Performance Of An Injector Is Influenced By 
The Following Important Factors : (1) TemperatuTe of inlet 
water. (2) Height of suction lift. (3) Steam pressure. . The 
action of an injector depends upon the condensation of the 
steam jet by the incoming water. If this water is too warm, 
the injector will not start. This limit is called the over- 
flowing temperature. After the injector has started, it is 
possible to operate with an intake water of a higher tempera- 
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ture, up to a certain limit called the breaking or limiting 

temperature. 

Note. — Fig. 183 shows how theae two tomperatureB vary with the 
steam preemire. Fig. 184 shows how variations in the feed-water tem- 
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peiatures affect delivery temperature of feed-water, capacity of injector 
and pounds of water pumped per pound of steam. The height of suc- 
tion lift affects the capacity of an iojector as shown in Fig. 1S5 taken 
from 8 tests of a "Penberthy" Size D Automatic Injector operating at 
80 lb. per sq. in. steam pressure and taking feed-water at 74 deg. fahr. 



Fio. 184. — Test Reaulte Of A "SellerB" No. 8 8eU-AdiuBting Injeotor. 

Fig. 186 shows the variation in capacity of the same Penberthy Injector 
operating under different steam pressure but with the height of lift and 
inlet water temperature constant at 4 feet and 74 deg. respectively. 

Note. — The Reason Why The Water Pumped Per Pound Of 
Steau Decreases Witb An Increase In Steam PREasusE {Fig. 184) 
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is that the mechanical work done by the injector, in pumping a giveo 
weight of water into the boiler, increases almost in proportion to the 
steam pressure while the heat content of the steam, and therefore its 
ability to do work, increases but slightly. Between 100 to 200 lb. per 
sq. in. pressure, the heat content of the steam increases by less tiian 1 
per cent. 



Fib. ISe.— Oraph Of Teat R«u1U For Fig. ISe.— Grmph Ot T«at SMiilto 
A "Penberthy" 8iu D AutomstiB In- Of A "Penberthy" Autonuitio In- 
jector Showing RelsUon Between Cs- JMtor Showlnc Relation Betwaeu 
mdty ADd Hdcht Of Lift. St«*ni PniMurs And Capuatj. 

192. The Selection Of An Injector requires a careful con- 
sideration of the three factors discussed in Sec. 191. Select 
an injector with a capacity in gallons per hour that is 30 per 
cent, in excess of the amount of water normally used. K the 
amount of water evaporated per hour is not known, approxi- 
mate values computed from the following equations, taken 
from Sellers' Restarting Injector, may be used : 

For horizontal or vertical tubular boilers: 

(68) Gal. per Ar. = ^ 
For water tube boilers: 

(69) Gal. perhT. = j^ 
For flue boilers: 

(70) Gal. per hr. = —^ 

Wherein Au, = area of boiler heating surface, in square feet. 

193. Ilie Question Of What Type Of Injector To Use For 
Any Given Service has been previously discussed in Sec. 
18S. It is always beet to inform the manufacturer as to the 
he%ht (rf lift and average temperature of feed water and the 
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maximum, minimum and average steam pressure, as well as 
the required capacity of the injector. The injector will not 
operate at more than its maximum or less than its minimum 
capacity. Table 194 shows the list prices and other data 
for automatic injectors of a well-known make. 

194. Table Showing Capacities, Pipe Connections And 
Approximate Weight Of Injectors. 









Capacity gal. per hr.. 




Manu- 


Approxi- 


Pipe 


1 to 3 ft. lift, 60 to 110 


Shipping 


facturer's 


mate 


connec- 


lb. per sq. in.. 


weight, 


size, 


price, 


tion, 


steam pressure 


boxed, 


designation 


dollars 


in. 




lb. 












Maximum 


Minimum 







15.00 


^ 


60 


35 


2.4 


00 


16.00 


H 


80 


45 


2.5 


A 


18.00 


M 


135 


70 


3.5 


AA 


20.00 


H 


180 


100 


3.5 


B 


25.00 


M 


260 


140 


5.5 


BB 


30.00 


H 


360 


180 


5.5 


C 


40.00 


1 


475 


250 


8.0 


CC 


45.00 


1 


600 


325 


8.0 


D 


55.00 


IH 


800 


425 


12.0 


DD 


60.00 


IK 


1,000 


525 


12.0 


E 


75.00 


IM 


1,400 


740 


25.0 


EE 


90.00 


iH 


1,900 


850 


25.0 


F 


110.00 


2 


2,400 


1,275 


37.9 


FF 


125.00 


2 


3,000 


1,600 


39.0 


G 


150.00 


2H 


3,600 


1,875 


75.0 


GG 


200.00 


2M 


4,200 


2,150 


75.0 



196. In Installating Injectors the typical piping scheme 
shown in Fig. 187 may be followed. The size of pipe to use 
for injectors of one make can be found in Table 194 under 
Pipe Connections. The steam, suction and discharge pipes 
are all of the same size except that, in the case of a suction lift 
exceeding 10 ft. or of a long length of suction line, a pipe one 
or two sizes larger should be used therefor. 

Explanation. — In Fig. 187, the steam line should be tapped into the 
highest part of the boiler and lagged all the way to the injector, if possible. 
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C is a globe-valve. The discharge line should follow as near a straight 
line as possible to the boiler-feed inlet and should be securely fastened 
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Fig. 187. — Piping Of An Injector. 

throughout its entire length. A check-valve, E, must be installed as 

shown. A is a globe stop valve which can be used to cut off the boiler 

pressure from the check-valve so it may be opened for repair. The 

overflow is usually piped as shown. It is, usually, 

best not to discharge the overflow into the hot>-well <if *^ PreventjpkKhing 

or feed supply as it may cause the suction water 

to become too hot to be lifted. The overflow 

line must always be open at G to the atmosphere. 

The funnel, F, may be an ordinary one of sheet 

metal or one of the special '^non-splash'' types 

(Fig. 188) on the market. 

The suction line must be absolutely air tight and 
as free from elbows and bends as possible. The funnel • 
globe angle valve B takes the place of one elbow. 
The strainer, S, should not have any opening in 
it as large as the steam nozzle in the injector and « ,'?.*. i 1~t? ^T 

. .. .^ , . J i. • 1 Splash Funnel For In- 

should have a combmed area of opemng several jector Overflow Pipe, 
times as great as the suction pipe itself. Figs. 182, 
189 and 190 show commercial strainers. The distance, h, should always 
be below 20 feet and much less than that if possible. Injectors are on 
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the market that will lift 25 feet. But high lifts reduce the c&pacity of an 
injector as well as its ability to handle hot water. Further they make 



I. 191,— Injwtor Fed From OverheaJ Tank. 
mpoHsible when there ie 
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If the injector is fed from an overhead tank (Fig. 191) or from city 
supply under pressure, it is advisable to insert an additional valve, D, 
(Fig. 187) which can be permanently set so as to throttle the pressure 
down to the desired limit. Then, the valve, B, is used only for opening 
and closing the feed line. All injectors should be braced, especially 
those which are operated by handles. After installing the piping, it 
should all be blown out with steam before connecting up the injector. 

196. In Operating Injectors, the procedure is as follows: 
To start an automatic injector be sure that valve A (see Fig. 187) 
has been left open. Open slowly steam valve, C, wide, now 
open suction valve, B, wide. Then throttle it down until 
there is no discharge from the overflow. If the suction valve 
is wide open and steam still escapes from the overflow, it will 
then be necessary to throttle the steam-supply valve. If the 
discharge from the overflow is cool water, then the suction 
valve must be throttled. If there are no unusual changes in 
conditions, the suction valve B can be adjusted to give proper 
supply and then be permitted to so remain. An injector like 
that shown in Fig. 181 is operated entirely by one lever as 
described in Sec. 185. 

197. Injector Troubles And Their Correction are discussed 
below. The more important ones are listed. The correction 
of other difficulties can, usually, be effected through a con- 
sideration of the information given here : 

If An Injector Fails To Lift Water, it may be due to the following 
causes: (1) Leak in siuAion line. (2) Water too hot. (3) Steam pressure 
too low for the lift. (4) Suction strainer clogged. (5) Wet steam. (6) 
Nozzles of injector clogged up or covered with scale. (7) Waste or overflow 
valve stuck or leaking. (8) End of suction line not below water. (9) 
Suction hose collapsed by partial vacuum. To test for leaks in suction 
line, screw a cap on the end of line in place of the strainer. Then wedge 
the waste valve shut with a piece of wood. When steam is turned on, 
the leaks will be detected easily. Steam is Uable to be wet unless taken 
from the top of the boiler and led directly to the injector. If nozzles 
are clogged with scale they can be removed and cleaned. Coatings of 
lime can be removed by soaking the nozzle several hours in a solution of 
ten parts water and one part muriatic acid. 

If An Injector Lifts Water But Does Not Deliver To The 
Boiler the trouble may be due to (1), (3), (5), (6) and (7) of the above 
and may also be caused by: (10) Faulty boiler check valve. (11) Obstruc- 
tion somewhere in delivery pipe. In case of the latter two difficulties, 
close valve A and examine the check valve. If it is lifting properly 
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leave the cap ofif and take out the disk. Then start the injector. If a 
full stream of water shoots out of the check valve, then there is an ob- 
struction between it and the boiler (most probably inside at the opening 
of the feed pipe). 

If The Injector Starts But Breaks, the trouble may be due to 
(1), (3), (6), (11), and also to (12) An improper adjustment of the water 
supply. If water at the overflow is hot then the supply is inadequate' 
and should be increased by opening valve B wider. If it is cold then the 
supply should be throttled by means of valve B. 

When Steam Appears At The Overflow the fault may be (2) or 
(4) or (13) Too-high steam pressure for the lift In this case throttle down 
the valve C until the overflow discharge ceases. Every user of injectors 
should preserve a set of directions for removal of injector parts and should 
have available spare nozzles for repairs. Directions are gladly furnished 
by the manufacturers. 

QUESTIONS ON DIVISION 6 

1. Explain how it is that an exhaust steam injector can pump water into a boiler 
against the boiler pressure. 

2. Name four important parts of an injector, giving functions of each. 
8. Distinguish between an automatic and a positive injector. 

4. What is a self adjtuiing injector and why are all double-tube injectors of this class? 

6. Name and explain six advantages of injectors over feed pumps. 

6. Why are injectors seldom used in large stationary plants? 

7. Why are injectors always used on locomotives? 

8. Explain effect of: (1) Steam preesure. (2) Height of lift. (3) TemperaJture of inlet 
water upon the capacity of an injector. 

9. Give eight general rules which should be followed in installing injector piping. 

10. Give eight possible causes for an injector's inability to lift water and state the 
correction for each. 

PROBLEMS ON DIVISION 6 

1. The following data were observed during an injector test: Temperature of inlet 
water, 60 deg. fahr. Temperature of discharge water, 200 deg. fahr. Steam pressure, 
100 lb. per sq. in., gage. Moisture in steam, 2^^ per cent. Find value of Wm or 
pounds of water pumped per pound of steam? 

8. Assume all data in Prob. 1 except temperature of discharge water. Find what 
this temperature will be if Ww =10? 

8. A water-tube boiler has a heating surface of 500 square feet. What sise injector, 
as given in Table 194, should be used to handle the feed water? 

4. What size steam, suction, and delivery pipes should be used in Prob. 3 if the 
height of lift is 8 ft.? If it is 15 ft.? If it b 20 ft.? 
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198. Apparatus For Feeding Water To Steam Boilers 
includeB devices of three principal types: (1) Injectors, 
(2) Pumps, (3) Return traps or gravity apparatus. Injectors 
for boiler-feed service in stationary power plants are usually 
installed only as stand-by or emergency equipment. Under 
certain conditions, however, they may show an economic 
advaat^e over other forms of apparatus. Pumps are the 
most important boiler-feeding devices. Direct-acting steam 
pumps (Div. 2), crank-action pumps variously arranged and 
driven {Div. 3) and centrifugal piimps (Div. 4) are all used for 
boiler-feeding as will be explained herein. A few years ago 
the direct-acting steam 
pump was the most 
widely used variety of 
boiler-feed pump and is 
still a very common va- 
riety. The use of gravity 
boiler-feeding apparatus 
is limited largely to small 
steam heating and non- 
condensing power install- 
ations. 

Note. — The general rules 
for piping the principal de- 
vices which are used in boiler- j.^^ ^g^ a Direct-Aotinj Ste«m Pump For 

feeding are similar to those (or Boiler Feeding. 

steam piping. (See Div. 11 

for types of joints, specifications and allowable pressures.) There are 
usually at least two feed pumps in a stationary power plant and eacfa 
should be connected to a common header supplying ail of the boilers. Ex- 
pansion (see Div. 11) in feed water lines is not aa great on the whole as 
in steam lines but must be allowed for nevertheless. The pump inlete 
should be connected so that water may be drawn from two or three sources 
171 
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(Fig. 192) such as hot-well, feed-water heater and city water-mains so 
that feed water of some sort is always available during repairs or 
emergencies. 

199. When An Injector Is Used As A Pump For Raising 
And Forcing Water And Only As A Pump, it is very inefficient 
inasmuch as it requires about five times as much steam — or 
coal — as does an ordinary simplex or duplex steam pump to 
do the same work. Hence, as a device for merely handling 
water where boilers are not to be fed, the injector is, on an 
economic basis, entirely out of the running. Furthermore, 
there are a number of troubles (Sec. 197) of the injector that 
further limit its usefulness. The injector cannot, in practice, 
effectively handle water at temperatures exceeding about 
100 deg. F. This means that it cannot be used advantage- 
ously with water which has been previously heated with the 
feed-water heater. Hence, the injector cannot be used at all 
with an open feed-water heater. It may be used with a closed 
heater installed between the injector and the boiler. 

200. An Injector Will Not Start When Served By A Steam 
Pressure Much Lower Than That For Which It Was Designed. 
Assuming that an injector is started on the pressure for 
which it was designed, then if the impressed pressure increases 
or decreases materially the injector will cease to work. Nor 
will it start again automatically upon resumption of the 
steam pressure at which it originally started and for which 
the engineer temporarily adjusted it. To again cause it to 
pump water, the engineer must perform anew the starting and 
adjusting process. Furthermore, material change in the 
water pressure of the suction water which is being handled 
by the injector, will cause it to cease operation. This necessi- 
tates a new adjustment and a new start. Often when an 
injector has been working and has become hot, if for any 
reason it stops or is stopped, it cannot be re-started until it 
has been cooled completely by sousing it with cold water. 
Obviously, all of the above disadvantages restrict the desirable 
applications of the injector for boiler-feed service. On the 
other hand, the simplicity, small space occupied, absence of 
moving parts, and low first-cost of the injector render its use 
desirable under certain conditions. 
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201. The Injector Is Economical For Feeding Boilers In 
A Plant Not Equipped With Means Of Feed-Water Heat- 
ing. — Under this condition the injector (Fig. 193) acts as a com- 
bined pump and pre-heater; and, as such, is ahnost 100 per 
cent. eflBcient. The conditions favorable to injector installa- 
tion often obtain in temporary or out-of-the-way plants where 
the equipment must be minimized, and where the saving 
which would occur through the installation of a feed-water 
heater is more than offset by its annual cost ; see Sec. 246. Its 




Fig. 193. — An Inspirator Type Of Injector Piped Up For Boiler Feeding. 

feature of pre-heating its feed water, makes the injector addi- 
tionally valuable where cold water is to be fed into the boiler. 
By pre-heating, the strains which cold water would cause in 
the boiler are avoided. The proper combination, however, 
of a pump with a feed-water heater is, as a rule, more satisfac- 
tory than an injector for stationary power plants. Injectors 
are efifectively employed on boilers for traction-engines, 
small saw-mill engines, hoisting and logging engines, and on 
locomotives. 

202. The Relative Efficiencies of Steam Ptunps and In- 
jectors As Boiler-Feeding Devices are given in Marks' 
Mechanical Engineers' Handbook as follows: The effi- 
ciency of an injector considered merely as a pump is very low. 
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about 1 to 2 per cent. Ab a boiler feed pump, in which service 
the heat in the steam coasumed is returned (see Sec. ISl, 
also Fig. 195) to the boiler, the injector has an individual 
efficiency of nearly 100 per cent. However, the injector ia 
not ordinarily the moat economical device for feeding a boiler 
since it can handle only cold or moderately-warm water and 
the effect is equivalent to heating the feed water with live 
steam. On the other hand, a pump can handle water which 
has been heated to a relatively-high temperature by exhaust 
steam (from the main or auxiliary engines) which would other- 
wise be wasted. Injector steam consumption is about 400 
lb. per water h.p. hr.; a small direct-acting pump consumes 
100 to 200 lb. 
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203. Table Showing Relative Economies Of A Non- 
Condensing Plant Using Boiler-Feeding Devices Of Different 
Types. (Based on data by D. C. Jacobus, Kent's Mbchani- 
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CAL Engineers' Pocketbook). See Figs. 194, 195, 196, 197, 
and 198. In each case the values are for the same plant de- 
livering the same power output from its engine. The only 
differences between the cases are in the boiler-feeding and feed- 
water heating arrangements. 
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Note. — ^The direct-acting steam pump (first item) has a duty of 
10,000,000 ft. lb. per 100 lb. of coal when used upon a boiler with 80 lb. 
per sq. in. gage pressure. This corresponds to a over-all eflSciency of 
about 1.3 per cent. Figs. 194, 195, 196, 197 and 198 show how a set of 
values such as those above may be obtained. One pound of steam de- 
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livered to the engine is taken as the unit. The heat in ixith feed-wat«r 
and 8t«am above the feed-water t«niperature is considered. 




E-HittfCcmampfiinlWafi'vt'bA-/^-aSU 

Fio. leg.— Pawn Feed Pump And Bibftiut Huto'. (It is here aasamed tb*t 
t,160 B.t,u, JXnat be supplied per pound of eteam required to drive the reau1»r 
euciue load (u id the four i^eoedicig S^uiem; but, on account of the additional 
eniine load due to its having to drive the pump, the ensliie will now require more 
Heam ia the propottion of 1,166 to l.ieo). 

204. The Definitions Of The Pump Designations Wliich 
Have Been Adopted In This Division To Denote The Three 
Different Types of Pumps are these: (A) MeckanicaUy- 
driven pump, (Fig. 208) or pump which is mechanically 
driven from the engine. The drive may be either direct by 
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a connecting rod, gears or belt; or indirect through a line shaft 
or other common forms of mechanical transmission. {B) 
Motor-driven pump, or pump operated by an electric motor 
installed or used specially for the purpose and belted (Fig. 
199), chain driven, geared (Figs. 200 and 201) or direct con- 
nected (Fig. 202) to the pump, (C) Steam driven pump or 
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Fro. 200. — Driving Motor Geared To Boiler-Feed Pump. 



w Of Crank-End Of A Motor-Driven Boiler-Feed Pumi 



SnaffCofiAngt ■" — '" — 




StKKrP/pt Fnrn FutHlatv Htofir 
Fra. 202. — Centrifugal Boiler-Feed Pump Motor-Driven Through Direet Shsft 



178 STEAM POWER PLANT AUXILIARIES |Drv. 6 

pump Operated directly by steam from the boiler and inde- 
pendently of the engine. In small plants they will be recipro- 
cating pumps of either the simplex or duplex type (Fig. 203). 



Fiq. 203. — EHrect-Actini Boiler-Feed Pump Equipped With Fulton Governor, 

In plants of over 500 h.p., they may be either reciprocating 
or centrifugal pumps (Fig. 204) . 



Fro. 204. — CeDtrifuESi Boiler-Feed Pump Driven By Steam Turbine Tlirau«h Dirsot 

Sliaft Connection. 

206. The Possible Losses Due To Inefficient Boiler-Feed 
Pumps Are, In The Average Plant, A Very Small Proportion Of 
The Total Losses. — The total coal required, directly or indi- 
rectly, for the boiler-feed pumps in a reasonably-well designed 
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and operated plant of medium capacity is not liable to exceed 
more than 1 or 2 per cent, of the total coal burned. In a very 
small, inefficient plant, the proportion of the coal required for the 
boiler-feed pumps may in exceptional cases be as great as 10 
per cent. 

206. The Most Economical Type Of Boiler-Feed Pump And 
Drive Therefor Depend On Local Conditions. — Whether the 
plant is condensing or non-condensing, its horsepower capacity, 
the character of its load and the fluctuations thereof, the oppor- 
tunity to utilize exhaust steam, and other special and financial 
conditions may be factors. 

207. The Actual Cost Of Operation Of Any Boiler-Feed 
Pump Cannot Be Based Merely On The Efficiency Of The 
Pump Itself. — Nor can a comparison of the actual operation 
costs of boiler-feed piunps of the different types be based 
merely on the performance of the pump. The economic rela- 
tion of the other components of the plant wherein the pump is 
to be installed must be considered. Whether or not the ex- 
haust steam from a steam-driven feed pump can be utilized 
for boiler-feed-water heating or for building heating may be a 
determining factor. 

208. At Least One Reciprocating Steam-Driven Boiler- 
Feed Pump Should Be Installed In Every Plant. — If there is 
only one boiler-feed pump in a plant, it should be steam driven 
and preferably direct-acting. The reason for this is, as is 
explained in detail elsewhere in this Div., the inherent reli- 
ability of the direct-acting steam-driven pump, due to its sim- 
pUcity and the fact that there are no links, except a steam line, 
between it and the boiler. Another advantage is that a steam- 
driven feed pump can, if there is steam in the boiler, be operated 
whether or not the engine is running. 

209. A Motor-Driven or a Power-Driven Boiler-Feed 
Pump Is Always Most Economical In A Non^^ondensing 
Plant (if no live steam, in addition to exhaust steam, is required 
for buildmg heating). The reason is that a non-condensing 
engine of itself will always (Sec. 240) furnish much more than 
sufficient exhaust steam to heat the feed water. Both the 
power-driven and the motor-driven pumps require considerably 
less coal for their operation than does a steam-driven pump. 
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Hence, under these conditions, all the heat in the exhaust steam 
from a steam-driven pimip would be wasted. (It requires, 
under ordinary non-condensing conditions, approximately 
14 per cent, or pj of the exhaust steam from the engine to heat 
the feed water up to 212 deg., which is ordinarily the h^hest 
feasible feed-water temperature. The remaining ^f or 86 
per cent, of the exhaust steam from the ei^ine is wasted into 
the atmosphere). 

210. In Any Plant Where Low-pressure Live Steam In 
Addition To Exhaust Steam Is Required For Building Or Other 
Heating, A Direct-Acting Steam-Driven Pump Will Ordi- 



narily Be Preferable because of its simplicity, reliability, and 
low first cost. Its steam consumption under these conditions 
ia of minor importance because all of the heat in its exhaust 
steam is utilized for building or other heating. Porbuilding 
heating, exhaust steam is nearly as effective as live steam. 

211. The Use Of Some Non-Condensing Steam-Driven 
Auxiliaries Is Ordinarily Economical In Condensing Stesm 
Power Plants (Fig. 205). — In condensing plants there is, as a 
rule, no exhaust steam available from the main engines for 
feed-water heating. When no economizer is used, the auxil- 
iary drives should be so propmrtioned that there will be just 
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enough exhau8t steam from them to heat the feed-water to 
210 deg, fahr. This condition gives a maximum of economy 
as practically all of the energy of the steam delivered to the 
auxiliaries is then effective either as mechanical energy or heat. 
When an economizer is used in addition to an exhaust heater, 
some other feed-water heater discharge temperature such as 
150 deg. fahr. may prove economical. Both motor-driven and 
steam-driven pumps are often installed under such conditions. 
Then the operator uses whichever pump or pumps the exhaust 
steam from which will give the feed-water temperature from 
the exhaust heater which has previously been found to be most 
economical, 

212. An Automatic Exhaust Steam Heat Balance System (Fig. 
206) has been devised for maintaining aperfect balance between 



the exhaust steam available and that needed for feed-water 
heating. When this system is used, most, or all, of the auxil- 
iaries are motor-driven and an auxiliary non-condensing- 
engine^enerator unit, B, is provided to supply the auxiliary 
motors G and F with electrical energy. Then this auxiliary 
generator is interconnected with the main generator through a 
motor-generator set G, as shown in Fig. 206. Under normal, 
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full-load conditions, the motors driving auxiliaries take all of 
their electrical energy from the auxiliary generator, in which 
case it will then produce just enough exhaust steam to heat the 
feed water up to 212 deg. But, if due to change of load, the 
amount of exhaust steam supplied by this auxiliary engine- 
generator unit becomes more than sufficient to heat the feed 
water, then a portion of the electrical energy which the auxil- 
iary motor drives take is shifted over to the main generator E. 
This shifting of the electrical load is effected through the motor- 
generator G. 

Explanation. — ^This motor-generator is actuated by an electrical- 
contactor pressure valve H on the feed-water heater A. When there is 
a surplus of exhaust steam in the feed-water heater, the valve contactor 
operates in such a way that the motor-driven auxiliaries take a greater 
proportion of their energy from the main generator. When there is 
insufficient exhaust steam in the heater, the valve contactor operates in 
the other direction, causing the auxiUary motors to take more of their 
energy from the auxiliary generator. This throws a greater load on the 
auxiliary generator and results in the production of more exhaust steam 
by the auxiliary engine-generator unit. By means of this automatic 
arrangement, a practically-perfect heat balance always obtains. This 
results in the highest possible economy of operation. 

213. The Most Economical Boiler-Feeding Equipment For 
A Non-Condensing Plant Which Includes An Extensive 
Heating System For Winter Service is (Fig. 207) a steam- 
driven pump for operation during the heating season and a 
motor-driven or power-driven pump for operation when the 
heating system is out of service. 

Explanation. — If the heating system requires more steam in the 
winter than the main engine furnishes as exhaust, some live steam must 
be drawn through a reducing valve for heating purposes. A steam 
driven pump acts as a reducing valve and then furnishes power as a 
sort of by-product. The cost of the power, in this case, for pumping 
will be negligible. On the other hand, in the summer when the heating 
system is not in use there will be a great surplus of exhaust steam from 
the main engines alone. When this is true the motor driven or mechanic- 
ally driven feed-pump has the economic advantages as shown in Sec. 217. 

214. Mechanical-Drive For A Boiler-Feed Pump Is, Con- 
sidering The Feed-Pump Independently, Generally More 
Efficient Than Electric-Drive (Figs. 199, 200, 202, and 208). 
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This is due to the fact that, under average conditions, the total 
mechanical losses between the main engine and a mechanically- 
driven pump are less than the total mechanical and elec- 
trical losses between the main engine and a motor-driven 
pump. It should be understood, however, that this rule 
holds only under favorable conditions. K, in order to drive a 
feed pump mechanically, it is necessary to transmit the power 
through long line shafts, through many belts, and through 
right-angle-turn belt transmissions, then the higher theoretical 
efficiency of the mechanical drive will vanish. Furthermore, 
the efficiencies upon which the following example is based, 
relate to mechanical transmissions which are well installed and 
maintained. Line shafts out of alignment, worn bearings, and 
similar conditions may result in material decrease in efficiency. 
It should be noted, then, that while the over-all efficiency of 
the electrical drive will remain practically constant throughout 
the life of the drive, because the elements which afifect it are 
the generator, electrical transmission and motor efficiencies, all 
of which are unaffected as time progresses, the efficiency of the 
mechanical drive may decrease, due to use. 

Example. — Suppose that power is transmitted from the main engine 
to a mechanically operated feed-pump through two successive belt con- 
nections — ^the first being from the engine-shaft to a line-shaft, and the 
second from the line-shaft to the pinion-shaft of the pump. Also, sup- 
pose the transmission efficiency of the belting is 97 per cent., of the line 
shaft 96 per cent., and of the pump gearing 96 per cent. The overall 
efficiency of the mechanical drive is, then, 0.97 X 0.96 X 0.96 = 89.4 
per cent. Suppose, also, that power is transmitted from the main engine 
to a motor-operated feed-pump which is working under the same service 
conditions as the mechanically-driven pump. Then, assuming a gener- 
ator efficiency of 93 per cent., a transmission line or wiring eflSciency of 
95 per cent., a motor efficiency of 85 per cent., and a pump-gear efficiency 
of 96 per cent., the overall efficiency of the motor-drive is 0.93 X 0.95 X 
0.85 X 0.96 = 72 per cent. The economical advantage of the mechan- 
ical over the motor drive is, therefore, represented by an eflficiency differ- 
ence of 89.4 - 72 = 17.4 per cent. 

215. Motors For Driving Feed Pumps should be of enclosed 
or semi-enclosed t3rpes if the pumps are installed in a dusty 
boiler room or in any other dusty place. The motor should 
preferably be of the adjustable-speed type so that the water 



Sec. 216] BOILER-FEEDING APPARATUS 185 

may be pumped into the boiler at the same rate as that at 
which it is evaporated. The rate of evaporation varies with 
the load. 

Note. — ^An Adjustable Speed Motor is one the speed of which can 
be varied over a considerable range and when once adjusted remains 
practically unaffected by the load. Examples are shunt wound, lightly- 
compound-wound d.c. motors. A varying-speed motor is one the speed 
of which varies with the load, such as a d.c. series or heavily-compound- 
wound motor or an a.-c.wound-rotor sUp-ring induction motor. . Since 
adjustable-speed motors, capable of sufficient speed variation for efficient 
boiler feed service, are not ordinarily obtainable in the smaller capacities, 
it is necessary to use varying-speed motors for these small-capacity 
applications. 

216. If A Constant-Speed Motor Is Used On A Boiler 
Feed Pump either the water feed must be intermittent, which 
is undesirable, or, if the motor continues to operate at constant 
speed, a part of the feed water must be by-passed through a 
by-pass valve. Where a by-pass valve is used, the motor may 
operate continuously at constant speed and little or much of 
the water it pumps be admitted to the boiler by controlling 
the by-pass valve as occasion requires. This by-passing is 
very uneconomical because then all the water handled must 
be pumped against boiler pressure. Then the energy imparted 
to the portion of the water which is not fed into the boiler is 
wasted. This situation may be practially corrected in the 
larger plants by installing two feed pumps, each of one-half 
the capacity necessary for total requirements. 

Note. — Gear Drive Is Preferable To Belt Drive, because of 
high-cost maintenance. Feed pumps are frequently installed in out-of- 
the-way comers where it is difficult to make prompt repairs on belts. 
The belt may slip off or break when such an accident can be least afforded. 

217. The Economy Of A Mechanically-Driven Boiler- 
Feed Pump Which Operates At A Constant Speed is affected 
adversely where the load on the plant fluctuates widely. 
This is due to the fact that the water horsepower output of 
the pump cannot be varied economically in response to the 
fluctuations of the load. 
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Note. — A mechanically-driven pump for boiler-teeding, and its driver, 
should (Sec. 231) be designed to meet the maxiiQuin requirements of the 
boilers. The quantity of water delivered to the boilera may be regu- 
lated (Fig. 209) in accordance with load variations, by means of a by-pasa. 
But with thia method of control, a large proportion of the power con- 
sumed by the pump is wasted. Although the quantity of water passing 
into the boilers through the cheek-valves in the delivery pipes may be 
diminished, the pressure at the by-pass connection to the discharge pipe 
will only be shghtly less than the boiler pressure. The pump will, there- 
fore, still be discharging at its full capacity against almost full boiler 
pressure. The average economy of a mechanically-driven boiler-feed 
pump (considered as on independent unit), operating under the most 
extreme conditions of load-fluctuation which might prevail, would 
nevertheless be generally superior to that of a steam-driven pump opei^ 
ating under like conditions. 



Fio. 209.— MMhanically- Driven Boiler-Feed Pump Furniihed With BfPua. 

Example. — Suppose a steam-driven pump, which consumes 175 lb. 
of st«am per h.p. per hr., develops 4 h.p. while feeding a fully loaded set 
of boUers. Then the quantity of steam requited to operate this pump 
will be 175 X 4 — 700 lb. per hr. Also, suppose a mechanically-driven 
pump, operated by main-engine power which is transmitted to the pump 
on a steam consumption ot, say, 30 lb, per hr., develops 4 h.p. while 
feeding a similar set of boilers. Then the quantity of steam required 
to operate this pump will be 30 X 4 = 120 lb. per hr. K the load on 
each set of boilers ia diminished one-half, then the power required to feed 
them will be 4 -r 2 = 2 h.p. The steam pump need then be run at only 
one-halt iin former speed. Hence, it will develop no more than the 
requisite 2 h.p. during the period of half load. Its steam-consumption 
wiU, therefore, be reduced to 700 -i- 2 = 360 lb. per hr. The mechanio 
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ally-driven pump will, however, maintain its original speed. It will, 
therefore, continue to discharge at the rate of its full-load capacity. 
But only one-half of the water discharged will enter the boiler. The 
remaining half will be by-passed. All of the water will, nevertheless, be 
discharged against the boiler pressure. Hence, the pump will continue 
to develop 4 h.p. during the half-load interval. Consequently, it will 
maintain its original steam rate of 120 lb. per hr. Its economicfiJ 
advantage over the steam pump will, therefore, be reduced from 
[(700 - 120) -^ 700] X 100 = 83 per cent, under full-load conditions to 
[(350 -120) -s- 350] X 100 « 66 per cent, under half-load conditions. 

218. The Saving Which May Be Effected By Substituting 
An Electrically-Driven For A Steam-Driven Feed Pump 
may be estimated as follows: The example is based on a 
non-condensing steam plant, which has a feed-water heater, 
and which operates twenty-four hours a day. It is assumed 
that the conditions are such, as is usually the case in a non- 
condensing plant, that the exhaust steam from the steam- 
driven pump, direct-acting or turbo-centrifugal, cannot be 
utilized efifectively for feed-water heating or otherwise. 
(The engine alone in a non-condensing plant furnishes about 
six or seven times as much exhaust steam as can possibly be 
reclaimed for feed-water heating. Hence, in such a plant the 
exhaust steam from the feed pump represents pure waste.) 

Example. — ^Average load on plant, 50 kw. Assumed water rate for 
this simple eng^le plant, 50 lb. of steam per kw.-hr. Therefore, the steam 
consumption per hr. for this 50-kw. plant = 50 X 50 = 2,500 Ih, of 
steam per hr. Hence, Gal. of feed water required per hr. = 2,500 -r- 8.3 = 
300 gal. per hr. (approx.). Pressure against which feed water is forced = 
125 lb. per sq. in. Head = lb. per sq. in. X2.31. Hence, for this plant, 
head = 125 X 2.31 = 290 ft. approximately. Work required per hour 
to force water into boiler = weight of water per hr, X head = 2,500 X 
290 = 725,000 ft.-lb. per hr. 

Now the average expected duty of an ordinary 4-in.-stroke steam- 
driven boiler-feed pump may be stated conservatively as 11,700,000 
ft.-lb. per 1,000 lb. of steam. Or, in other words, it may be assumed 
safely that for a steam boiler-feed pump in this 50-kw. plant: 

No. of ft.-lb. per Ih. of steam — — Vtw) — = 11,700 /^.-R>. 

As is evident from preceding statements, the pounds of steam con- 
sumed per hour in this plant to develop the 725,000-ft.-lb. required to 
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pump the 2,500 lb. of water against the 125 lb. per sq. in. steam pressure 
is: 

, , - . J J . ^ r ft.-^. to supply water per hr. 

Lb. of steam to drwe steam pump per hr, = "^ -ft-tl — ,, — j. . 

jtAo, per lb. of steam 

— ii L/v\ = 62 lb. of steam per hr. 

11, /UU 

That is, a steam-driven pump for this plant would consume 62 lb. of 
steam per hr. It would consume 62 lb. of steam in pumping 300 gal. 
boiler-feed water. 

Now the steam required to operate an equivalent electrically-driven 
pump will be determined: A test, reported by the Midvale Machine 
Company, indicates that 360 gal. of boiler-feed water were pumped, in 
a plant similar to that under consideration, with an energy expenditure 
of 0.68 kw.-hr. by a Johns electrically-driven pump. The following 
determination will be based on the data of this test. 

In the 50-kw. plant under consideration, it is, as previously stated, 
assumed that there will be required 50 lb. of steam to develop 1 kw.-hr. 
Hence, to develop 0.68 kw.-hr. there would be required: 0.68 X 60 = 34 
lb. of steam. Now if 360 gal. of water were pumped in the test by 34 lb. 
of steam, the 300 gal. of water, required per hour in this plant would be 
pumped by 300 -5- 360 X 34 = 28.5 (approx.) lb. of steam. 

Now the saving in steam due to the use of the .lohns electrically-operated 
pump will be the difference between the steam-pump steam consumption 
and the equivalent electrically-driven pump steam consumption. Thus: 

Steam pump requires per hr. (to pump 300 gal. feed 

water) G2.0 lb. of steam 

Elec. driv. pump requires per hr. (to pump 300 gal. 
feed water) 28 . 5 H>. o/ steam 

Saving in steam per hr. due to use of elec. driven pump 33 . 5 lb. of steam 

Now the saving in dollars due to the use of the motor-driven pump can 
be determined: The boiler evaporation in a small plant, of the character 
of that imder consideration, will be about 7 lb. of water for each pound of 
coal. Then, the coal required to evaporate 33.5 lb. of water (the amount 
which is saved, each hour, by the use of the electrically-driven pump) 
will be: 

lb. of water evaporated 33.5 



rate of evaporation 



— 4.8 lb. of coal per hr. 



For one month the coal saved, based on this 50-kw. load, would be 
30 days X 24 hr. X 4.8 lb. per hr. = 3,460 lb. per month. With coal 
costing $3.00 per ton in the bin, the saving per month would be: (3,460 X 
3.00) -5- 2,000 = $5.19. Or the saving per year would be, approxi- 
mately: 12 X $5.19 « $62.25. 
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219. Table Showing General Advantages And Disadvan- 
tages For Boiler Feeding Of Power, Electric, and Steam 
Pumps When Considered Independently. 



Mechanically driven 



B 

Motor driven 



Steam driven 



Advantages 



1. Simplicity. 


1. May be easy of con- 




trol. (Automatic control 




possible.) 


2. Low cost of equipment. 


2. Fairly simple. 


3. Lowest theoretical cost 


3. More efficient than 


of operation where non- 


steam — low cost per year. 


condensing engine is used 




and pump is belted direct. 




4. Cannot run away in 


4. Location where desir- 


case of accident. 


able. 




5. Can be operated in- 




dependently of boiler and 




engine unit under some 




circumstances. 




6. In case of accident, 




has speed limit, i.e., will 




not ''run away." 




7. Accurate heat balance 




possible with proper equip- 




ment. (Sec. 212.) 



1. Ease of control. 



2. Supply of exhaust 
steam for feed-water heat- 
ing in condensing plant. 

3. Low cost of equipment. 



4. Maximum reliability. 



Disadvantages 



1. Poor regulation of 
water supply — extra water 
may be pumped and re- 
turned if by-pass is used. 

2. May be unhandy in 
location. 



3. Works only when main 
engine is running. 



1. Cannot be used with- 
out generator. (Unless 
Public-Service-Company 
power is available. •) 

2. In condensing plant 
increase loss of exhaust 
steam heat in condensing 
water unless pump is driven 
from auxiliary non-con- 
densing engine unit exhaust 
from which is used for feed- 
water heating. 



1. Great loss due to in- 
efficiency unless exhaust 
steam can be utilized. 

2. Possible self destruc- 
tion in case of feed-line 
breaking. 



* Where Public-Service-Company power is available this feature may be important. 
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Recommendations 
Two feed water pumps — one for a stand-by — should 
be installed in every plant 
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221. A Turbine- Or Motor-Driven Centrifugal Pump 
(see Div. 4) affords, ordinarily, the best unit for regular 
operation for pumping boiler feed water for plants of capaci- 
ties exceeding about 500 h.p. A 500-h.p. plant is equivalent 
to a feed-water requirement of about 50 gal. per min. or 3,000 
gal. per hr. (However, in every case there should be a steam 
direct-acting stand-by pump.) The centrifugal pump is the 
best for this service because it will, in the long run, prove the 
most economical. It has the advantage that the discharge 
from the pump to the boiler may be throttled down or opened 
as desired without the considerable loss of energy which 
results from by-passing. 

Note. — The pressure developed by a centrifugal pump which is oper- 
ated at normal speed can never exceed a certain maximum. Further- 
more, if the feed line from the pump to the boiler should break, thus 
reducing the head against which the pump is forcing water to practically 
zero, the centrifugal pump will not "run away," but it will continue to 
operate at practically constant speed. Its power consumption will be very 
low when it is pumping against zero head. Again, if the valve in the 
discharge pipe in a centrifugal pump is closed the pump may continue 
to turn at its normal speed (Sec. 171) without developing an excessive 
water pressure. In such a case the water is merely churned around 
within the casing. 

222. The Efficiency Of The Centrifugal Pump remains, 
with slight repair, nearly constant throughout its life because 
there is practically nothing about it except two simple bearings 
to wear out. Obviously, where gritty water is being pumped 
through there will also be wear on the impellers or blades, but 
gritty water is not used for boiler feed. On the other hand, 
the efficiency of any plunger type or piston pump may decrease 
decidedly as the pump becomes older, due to leaky valves, 
pistons, and worn rods. This is true particularly of the single 
or duplex steam pump. The water rate of such a steam pump 
after a year or so of service and insufficient maintenance may 
be twice its initial water rate. 

223. The Centrifugal Pump Has No Valves Which Re- 
quire Re-Grinding. — Unfortunately, the valves of any plunger 
or piston pump do not usually receive the attention which 
they should have. With the steam pump, if the valves 
become leaky the operator may merely "give her more 
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steam." Thus, the required water may be pumped, but 
uneconomically. Such losses are difficult to locate because 
the steam requirements of the boiler feed pumps are such a 
small proportion of the total steam requirements of the plant. 

Note. — The Water Rate Of A Turbine For Driving A Small 
Centrifugal Pump will be from 38 to 43 lb. of steam per brake h. p. hr. 
This consumption does not increase materially as the age of the turbine 
increases. 

Note. — ^The Mechanical Efficiency Of A Centrifugal Pump 
(the capacities range from 50 gal. per min. and up) will be from 50 to 
60 per cent. For the larger centrifugal pumps operating under favorable 
conditions efficiencies as high as 81 per cent, have been obtained. 

224. One Disadvantage Of Centrifugal Pumps for boiler- 
feeding is the fact that if the feed water is very near its boiling 
point, the action of the piunp may vaporize it entirely within 
the pirnip casing (see Sec. 157). If this happens, the pmnp 
will not work as it depends on the action of the runner on a 
liquid. On the other hand, a plunger pump will handle water 
at any temperature as long as there is pressure enough to 
deliver the water to the pump cylinders. Moreover a cen- 
trifugal pump cannot be run at all if in poor condition, on 
account of its high speed. If there is any damage to shaft 
or runner, the pump must usually be shut-down and com- 
pletely overhauled. It is for these reasons that a centrifugal 
pump is not recommended in this Div. for a stand-by pump. 

226. Power Boiler-Feed-Pump Sizes For Various Boiler 
Horse Powers as taken from The Goulds Mfg. Go's, catalogue 
are given in the two tables which follow. The tabulated 
values indicate the water supply required by the boiler based 
on the A. S. M. E. standard rating (Sec. 229) of 343^ lb. of 
feed water per boiler horse power hour from and at 212 deg. 
fahr. A surplus of 25 to 50 per cent, pump capacity is 
recommended. See Sec. 228 for methods of computing boiler 
feed-water requirements. 

226. Table Showing Boiler-Feed Capacities Of Single- 
Acting Triplex Power Pumps. Goulds Mfg. Go. (See preced- 
ing Sec). The capacity of a double-acting simplex pump is 
approximately 0.66 times of that tabulated for the same speed 
and cylinder dimensions. The capacity of a dovble^cting 

13 



194 



STEAM POWER PLANT AUXILIARIES 



[Div. 6 



duphx pump is 1.33 times that tabulated for the same speed 
and cylinder dimensions. 



Rated capacity of 

boilers, 

horse power 


Feed water at 

212*»F., 

Gallons per 


Size of pumps, 
inches 


Revolutions 
per minute 




minute 






30 


2.15 


IHX2H 


30 


50 


3.59 


2 X3 


31 


100 


7.17 


2M X4 


30 


150 


10.75 


3 X4 


31 


200 


14.34 


3K X4 


30 


400 


28.7 


4 X6 


31 


800 


67.4 


5 X8 


30 


1200 


86. 


6 X8 


31 


1600 


115. 


7 X8 


30 


2000 


143.4 


7 X8 


30 


2750 


196. 


8 X 10 


31 


4000 


286. 


9 X 12 


30 


5000 


358. 


10 X 12 


30 



227. Table Showing Boiler-Feed Capacities Of Multi- 
stage Centrifugal Pumps. Goulds Mfg. Co. (See Sec. 225). 



Horse 

power of 

boilers, 

rated 
capacity 



Feed 


Sixe of 




Horse 

power of 

boilers, 

rated 


Feed 


Sise of 


water at 


pipe 


Revo- 


water at 


pipe 


212*»F., 


dis- 


lutions 


212*»F., 


dis- 


gallons 


charge, 


per 


gallons 


charge. 


per 


pipe 


minute 


capacity 


per 


pipe 


minute 


inches 




minute 


inches 



Revo- 
lutions 

per 
minute 



700 
850 
1000 
1200 
1500 
1750 
2000 
2100 
2450 



50.20 


2 


3500 


2800 


200.5 




60.92 


2 


3500 


3150 


225.9 




71.60 


2 


3500 


3500 


250.8 




86.00 


2 


3500 


3850 


275.8 




107.50 


2 


3500 


4200 


301.0 




125.30 


2 


3500 


4000 


351.0 


5 


143.33 


3 


3100 


5600 


402.0 


5 


150.60 


3 


3100 


6300 


452.0 


5 


175. 50 


3 


3100 


7000 


502.0 


5 



2500 
2500 
2500 
2500 
2500 
2200 
2200 
2200 
2200 



228. There Are Two Methods Of Estimating Feed-Water 
Requirements Of A Power Plant. — One is based on the rating 
of the boilers in the plant. The other is based on the actual 
steam consumption of the engines and auxiliaries or devices 
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for which the ^eam is generated. Which method should be 
used in any caie will be determined by conditio&s. Probably 
the second method, that based on the actual steam consump- 
tions, is the more accurate. But, in a plant in which steam 
is used only for power generation, if the boiler capacities are 
proportioned rationally in relation to the units which they 
supply, both methods should give approximately the same 
results. In ascertaining the feed-water requirements for a 
power plant it may be wise to make an estimate by each of the 
methods, compare the results as a check, and then take for a 
working basis the one which is the larger. Where a boiler 
plant generates steam for heating only, that is, where there 
are no steam-consuming units, such as pumps and engines, it 
is obvious that then only the first method, that based on the 
boiler rating, is applicable. 

229. In Determining Feed-Water Requirements On The 
Basis Of The Boiler Rating the accepted water-rate equiva- 
lent of a boiler horsepower (boiler h.p.) is utilized. The 
equivalent is this: It was recommended by the American 
Society of Mechanical Engineers in 1899 that the evaporation 
of 34.5 lb. of water per hr. at 212 deg. be taken as the equiva- 
lent of 1 boiler h.p. This equivalent is now universally 
accepted as standard in the United States. Hence, the process 
of determining the water required to feed a boiler is this: 
(1) Ascertain the total h.p. rating of the boiler or boilers in 
question. (2) Multiply this total h.p. rating by 34.5 which 
wiU give the number of pounds of water required per hour 
when the boiler is operated at rated capacity. (3) Now due 
to the fact that the pump must occasionally raise the water 
level and pump more than 34.5 lb. per hr., the value obtained 
in this manner should be increased by 30 to 50 per cent. 

In fact, a boiler feed pump is usually selected oni the basis 
that it will deliver 45 to 50 lb. of water per hr. for each rated 
boiler h.p. The operations above applied may be expressed 
in a formula, thus: 

(71) Lb. of water per hr. = W«,fc X Pbhp 

Wherein : Wt^ = the lb. of water per boiler h.p. hr. upon which 
the estimate is based. This value may vary from 45 to 60, 
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The value of 45 lb. per hr. is consenrative and may ordinarily 
be assumed. Vshp = the total rated boiler h.p. of the boiler 
or boilers which are to be fed. Now since there are 8.34 lb. 
of water in a gallon, it follows that: 

(72) Gal. required per hr, = — "^ q oa ^*^ 

Now if Wwh be taken as 45, then 

(73) Gal. required per hr. = 45 X Pbap -^ 8.34 = 5.4 P^Ap. 

which is the accepted working formula. Where W^* is taken 
as 50 lb.: 

(74) Gal. required per hr. = 6 X Pshv 

Example. — ^A boiler has 500 rated h.p. What should be the capacity 
of the feed-water pump to supply it? Soujtion. — Base the estimate on 
45 lb. of water per rated h.p. hr. Then substitute in the above formula, 
thus: Gal. required per hr. =5.4 XPb*p = 5.4 X 500 = 2,700. 

Hence, a pump capable of delivering at least 2,700 gal. of water per 
hour should be installed. 

230. In Determining The Feed-Water Requirements Of A 
Power Plant On The Basis Of Its Steam Consumption^ the 

process is this: (1) Ascertain, either from manufacturers' 
guarantees, or by using a table of water rates, the pounds per 
hour of steam required for the engine or principal units. (2) 
Similarly determine the pounds of steam required per hour by 
the auxiliaries. Then disregarding radiation, leakage, steam 
required by the whistle, and other losses: 

(75) Total weight of water required per hr. = (1) + (2) 

To allow for the radiation, leakage, whistle loss, and to 
provide some capacity for forcing and for recovering the 
water level in case it is lost, the value obtained by the equation 
just above should be increased by 25 per cent. 

Example. — What will be the probable feed-water requirement of a 
plant which operates a 50-h.p. highnspeed condensing engine and 10 h.p. 
of non-condensing auxiliaries? Solution. — ^First determine the water 
consumption of engine and auxiliaries. From a table of wat^r rates it is 
found that a 50-h.p. high-speed condensing engine will have a water rate 
of about 22 lb. per h.p. hr. Hence, its total steam consumption will be: 
(50 X 22) = 1,100 ^6. per hr. The water rates of the small auxiliaries 
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will probably be 200 lb. per h.p. hr. Hence, the total auxUiary steam 
consumption will be: (10 X 200) = 2,000 Jb, of steam 'per hr. Steam con- 
sumption of engine and auxiHarieSj then, is: (1,100 + 2,000) — 3,100. 
Multiplying this by 1.25 to allow for losses and forcing, thus: (3,100 
X 1.25) » 3,875 lb . This is the total weight of water required per 
hour. To reduce this to gallons, divide by 8.3, thus (3,875 -s- 8.3) » 
467 gai. per hr, 

231. Increased Feed-Pump Capacity Is Necessary If The 
Modem Large-Plant Practice Of Forcing The Boilers Is 
Followed. — In large power plants where automatic stokers 
can be used, particularly if the plant is situated in a city, 
boilers are ''forced" so that their output much exceeds the 
nominal evaporation of 34.5 lb. per rated boiler h.p. per hr. 
by possibly 150 to 200 per cent. A forced boiler is not as 
efficient as one which is being worked conservatively. This 
is because that, when a boiler is forced, a larger proportion of 
the heat of the coal is wasted in the flue gases than if the boiler 
is not forced. That is, the flue gas temperatures in the smoke 
stack will be higher in the case of the forced boiler. This is 
equivalent to a loss. But in spite of the fact that \he boiler 
efficiency is decreased when the boiler is forced, it usually 
works out in the larger power plants that it is more economical 
to force the boilers than it would be to pay the additional 
fixed charges on boiler investment, maintenance and real 
estate that would be involved if sufficient boiler capacity were 
installed to insure operation on the basis of an evaporation of 
34.5 lb. of water per rated boiler h.p. per hr. 

Note. — ^Thb Life Op A Boiler Which Is Being Forced may not, 
unless the forcing is extremely excessive, be less than that of a boiler 
which is not forced. It is essential, however, that a forced boiler be 
provided with purified feed water, otherwise scaling and blistering 
difficulties are bound to occur. 

Note. — In Practice, Boilers In Large Plants Are. Now Often 
Forced To 150 To 200 Per Cent, of the A. S. M. E. rating for normal 
operation and at peak load they may be forced to 300 per cent, rating. 
That is, for each rated boiler h.p. (on the A. S. M. E. basis of an evapora- 
tion of 34.6 lb. of water per hr.) a boiler which is being forced to 150 per 
cent, of its rating will then evaporate: 34.5 X 1.5 = 51.75 lb. of water per 
hour. Similarly, if a boiler is being forced to 200 per cent, rating it 
will evaporate 69 lb. of water per rated boiler h.p. per hour. At peak 
load periods when forced to 300 per cent, rating, the evaporation may be 
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103.5 lb. of water per rated boiler fa.p. per hour. So it is evident that 
tlie rule giveD in one of the opening paragraphs of this section for com- 
puting feed-pump capacity on the baaia of rated boiler h.p. may have 
to be modified materially if the pump is to be used in the plant where 
the boilers are forced. In such plants the safer procedure is to determine 
the actual ateam oonsumptiona per hour of the prime movers and of all 
of the auxiliaries and base the feed-pump rating on this total steam con- 
sumption. Furthermore, in eetimating boiler-feed-pump capacities, 
ample allowance should be made for future additions to the boiler 
equipment, if any are contemplated. 

232. Pump Governors On Direct-Acting Steam Pumps In 
Boiler-Feed Service (Fig. 210) operate in conjunction with 
feed-water regulators. (See the 
author's Steam Boilers.) The 
function of the pump governor is 
to maintain a constant pressure 
in the feed line. It does this by 
moderating the speed of the 
pump, or shutting it down alto- 
gether, when the feed-water reg- 
ulator diminishes the openings 
through the feed valves or closes 
them entirely. If no governor 
were used to regulate the speed 
of the pump in response to the 
feed-water regulator's adjust- 
ment of the feed-valves, the 
pump might build up a pressure 
in the feed-line powerful enough 
either to force an excess quan- 
tity of water into the boilers 

_. through the partially closed feed- 

no. 210.— Seotional Elimition Ol , ° , , , . . 

Fuher Pump Governor For BoUer- ValvCS Or tO DUrst the pipmg. A 

Feed PumpB. properly working pump governor 

controls the movement of the pump piston or pistons so as to 
constantly maintain a pressure in the feed line just enough 
greater than the boiler pressure to insure a positive flow of 
the water into the boilers against the steam pressure. 

Explanation. — The Fulton pump governor (Fig. 211) is conDected 
into the Uve steam supply at B and to the Ht«am end of a direct-acting 
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steam pump at A. The small pipe fiie coimect«d to tbefoed line so tliat 
the under aide of diaphragm D is subjected to feed wat«r pressure. The 
upper side of D is subjected to live steam pressure (or approximately 
boiler-pressure) through the passage C. The vertical stem of valve V is 
acted upon by weight W at one end and 
diaphragm D at the other When the 
feed line pressure is less than boiler pres- 
sure, both the weight and the diaphragm 
tend to open the balanced valve V. Then 
8t«am flows freely through the governor 
from B to A and operates the pump at 
full speed. The feed line pressure is built 
up by the pump until the weight W is 
lifted and valve V closed by the pressure 
on the under side of the diaphragm. The 
wei^t may be adjusted to open the valve 
at any desired pressure. 

ExAUPLB. — Suppose the boiler pressure 
is 100 lb. per sq. in. and a pressure of 
110 lb. per sq. in. in the feed line is satis- 
factory for delivering water against the 
pressure of the boiler. Therefore when 
the pump is working at the proper rate, 
there will be 110 lb. per aq. in. on the 

under side of the diaphragm {D Fig. 211) Fia. Sll. — Seotioaal Elevation 
and 100 lb. per sq. in. on the upper side. ^^^^"^ Gov™.™ For 
The weight (T is set so as to overcome the 

force of this difference in pressure of (110 — 100) or 10 lb. per sq. in. 
Therefore when the difference in preaaure is a little less than 10 lb. per 
sq. in., the weight opens the valve V. When the difference in pressure 
is a Uttle more than 10 lb. per sq. in., the diaphragm closes the valve. 
In this way a pressure difference just sufficient to feed the boiler is 
mainttuned. 




Ltal Piston Typs Pumj 



NoTB. — In The Horizontal Type Op Pump Qovxrhor (Fig. 212), 
the piston P takes the place of the diaphragm and a spring S takes the 
place of the weight as described above. The piston, however, is acted on 
by the feed line pressure only and so communicates this fuU pressure to the 
spring. The tension on the spring is adjusted by means of two thumb- 
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233. The Fisher Pump Governor (Figs. 210 and 213) is 
similar to the Fulton governor in operation. One advantage 



Fia. 21S. — Direct-Acdng Bailer-Peed Pump Equipped n 



?r Feed Pump Equipped n 



of the Fulton design shown is that it uses only one stuffing 
box where the Fisher design requires two. One ^vant^e 
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of the Fisher design is that the steam pressure can be shut oflf 
from the diaphragm chamber for inspection and repair. The 
Kieley governor (Fig. 214) uses a spring in connection with a 
diaphragm in chamber D. 

Note. — ^Pump governors for maintaining constant-pressure are aome- 
times used on turbine-driven centrifugal boiler-feed pumps (Fig. 204). 
Their function is merely to save steam, as there is little danger from the 
over-pressure of a centrifugal pump. A centrifugal over-speed governor 
may be provided on the same unit as a constant-pressure governor. 

234. A Water-Relief Valve Must, Where A Feed-Water 
Regulator Is Used, Be Installed On A Constant-Speed Crank- 
Action Feed Ptunp. — The water-relief valve (Fig. 199) is 
merely a special-type safety valve. Crank-action feed pumps 
usually run at fairly-constant speed (Sec. 217) and are always 
pumping about the same amount of water. Hence, if the 
feed-water regulator partially or wholly closes the feed-water 
line to the boilers, stalling of the pimip or damage to the pump 
and its accessories are liable to result unless a water-relief 
valve is provided to automatically by-pass the surplus water. 

Note. — A Watbr-Relibp Valve Should Be Provided In The By- 
Pass On Evert Reciprocating Power Feed Pump as a safety measure, 
whether or not a feed water regulator is employed. This is to prevent 
damage if the feed-water line to the boilers is closed accidentally. 

236. The Most Common Troubles Of Pump Governors 
And Their Causes And Remedies are as follows : 

1. Blows Steam Abound Valve Stem. Should be entirely re- 
packed with fine packing and lubricated with cylinder oil and graphite. 
Screwing up the packing gland to stop steam leaks is likely to make too 
much friction before the gland is tight. 

2. Too Sluggish — gives too much variation in feed-line pressure. 
Friction in the movement usually gives this effect. Sometimes the 
spring used is too stiff for the pressure in governors of the spring type. 
See if the valve stem slides freely. If it does not, the friction must be 
located and then remedied by polishing and lubrication. Sometimes a 
stuffing box is too tight or the packing old and stiff. A weaker spring 
gives less variation of feed-line pressure. 

3. Gives Constant Pressure Too Low Or Too High. Adjust 
weight or spring thumb screws. Increase spring tension or weight 
leverage for more pressure. 

4. Does Not Shut Off — gives excessive feed-line pressures as shown 
by gage or by creeping or other signs of overpressure in pump. 
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(a) Friction in stem or piston. Remedy as explained before. 

(b) Damped diaphragm. Remove this member, A high-grade rub- 
ber p&cking re-inforced with several layers of fabric may be used for 
diaphragms but plain rubber is not suited for the purpose. An extra 
diaphragm should be ordered from the manufacturer and kept on hand. 

(c) Valve does not seat. Examine seat for scores and corrosion. If 
it seems to be in fair condition griud with grinding compound and see if 
a clean face can be obtained. If scored too deeply to be ground clean, 
the valve must be re-finished on a lathe. In re-finishing, the angle of 
the face and span between the two faces must be accurately retained. 
After finishing, the valve should be "ground in" and all grinding com- 
pound removed before re-assembling. 

236. Automatic Apparatus For The Feeding Of Boilers 
With Hot-Water Returns from heating syetemB are of two 



Fio. 2IS.— Duplex SteKm Pumi 



principal types: (1) The combined pump and receiver (Fig. 215). 
(2) The return trap (F^. 216). With both classes of apparatus 
the hot water or condensate which returns from the radiators 
and heating coils is collected in a receiving tank. By the 
first method, however, a direct-acting steam pump is auto- 
matically operated to discharge the water from the receiving- 
tank into the boiler. By the second method the water is 
dumped directly from the receiving-tank into the boiler. 
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Explanation. — With The Combined Pdup And Reckiveb (Fig. 215) 
the condensate from the heating apparatus enters the receiver through the 
inlet noEEle. When the body of water accumulates until its surface 
stands at about half the height of the receiver it buojrs up the bucket- 
float B. Steam is thereby admitted to tlie pump through the valve V, 
the stem of which is connected t« the float-lever at F. As the water- 
level in the receiver is lowered by the action of the pump the opening 



« From Heatinc 

throu^ the steam valve V is gradually diminished, due to the depression 
of the float. The speed of the pump is thus regulated according to the 
quantity of wat«r flowing into the receiver. The water which is required 
to make up for loss of steam or condensate from the system, due to leak- 
age or other cause, is admitted at M. 

With The Return-Trap Method (Fig. 216) the condensate from the 
heating system collects in the lower receiver, R,, and flows thence into 
the bowl, Bi, of the lower trap T,. When sufficient water has accumu- 
lated in the bowl fit to cause it to tilt (Sees. 487 and 488) st«am at boiler 
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pressure enters through the pipe Pi and forces the water into the upper 
receiver, Rs, whence it flone into the bowl Bi of the upper trap Ti. 
This trap is located 3 ft. or more above the normal wat«r-level in the 
boiler. When the bowl Bi tilts under the weight of the accumulated 
water, steam at boiler pressure enters through the pipe Pj. The pres- 
sure in the trap and in the boiler is thus equalized. Due to its static 
head of 3 ft. or more, the water in the bowl Ba flows, by gravity, into the 
boiler through the feed-pipe F. When empty, the bowl tilts back to its 
filling position. 

237. The Duplex Boiler-Feeder {Figa. 217 aad 218) operates 
similarly to a return trap system but has latter capacity. 



Fio. 317. — Farnsworth Dnplei Bmler Feeder. 

This feeder is recommended by its manufacturers for boiler- 
feeding in non-condensing plants where water from the mains 



is fed to the boiler through some sort of feed-water heater. 
It depends for its operation on a water supply under sufficient 
pressure to flow to the top of the boiler. 
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Explanation. — The feeder shown in Fig. 217 is located above the 
boiler. The tank consists of two equal compartments A and B separated 
by a central wall. It is pivoted below its center of gravity so that it 
may oscillate a few degrees in either direction. A system of valves is 
arranged in the pivot so that whichever compartment is down is allowed 
to drain into the boiler. Boiler pressure is admitted at the top of the 
compartment to make this possible. Meanwhile, the raised compart- 
ment fills with water from the feed line. Whenever the weight of water 
in the upper compartment is sufficiently greater than that in the lower, 
the tank tilts and the process in the two compartments is reversed. 

238. The Relative Merits Of Pumps And Steam Traps For 
Boiler Feeding are as follows: (Power Plant Engineering, 
Dec. 1, 1920). Where direct-return steam traps can be used to 
feed a boiler or boilers, they usually provide a more economical 
method than do steam pumps; this all depends, however, on 
the conditions in the plant. 

Explanation. — Where returns from a heating system are fed into a 
boiler, imless the boiler is low enough so that the returns can feed by 
gravity to a trap located 4 or 5 ft. above water level in the boiler, it is 
necessary to use two traps; one to force the water up to the trap above 
the boiler by means of boiler pressure steam; the other a direct return 
trap to dump water into the boiler. In such a case, the cost of a trap 
installation is, of course, higher than that for a pump, which can force 
the water directly into the boiler without rehandling. 

Where the feed water of the boiler is not made up entirely of condensed 
steam, and the load is variable so that the amount of feed must be 
varied, the speed of the feed pump can be controlled more easily than a 
trap. The trap simply dumps into the boiler whatever water comes to it, 
and, of course, the rate of flow into the trap could be regulated by the 
valve in the supply hne. Where cold water is used for feed and has to 
be heated, it is difficult to arrange the system so as to feed through a trap, 
as either the feed-water heater must be located above the trap or a lifting 
trap be employed to take water up to the direct-return trap. The chief 
argument for the pump is convenience and flexibihty, and adaptability 
to all conditions. 

QUESTIONS ON DIVISION 6 

. 1. Name the three principal kinds of devices used in boiler-feedin«. 

.fl...What is the chief use of injectors in stationary power-plants? Under what con- 
dition has it an economic advantage over other kinds of feeders? 

5. What is a mechanictUly-driven boiler-feed puinpf A motor-driven boiler-feed pumpf 
4. Why is mechanical drive ordinarily more efficient than electric drive for a boiler- 
feed pump? Demonstrate with an example. 

6. What is a ateam-driven boiler-feed puinpf What operating feature of a pump of 
this type gives it a distinct advantage over power pumps? 
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6. What IB the function of a governor on a direot-acting steam pump in boiler>feed 
service? 

7. Describe the operation of a diaphragm type of pump governor. 

8. What factors mainly decide the type of boiler-feed pump that will best subserve 
the economy of a power plant? 

9. Why are centrifugal pumps generally preferable to reciprocating pumps for feeding 
boilers of installations of over 500 horsepower? 

10. What is the average steam consumption of steam-turbine-operated boiler-feed 
pumps in plants of medium capacity? What is the average mechanical efficiency of 
these pumps? 

11. Why are power-pumps better adapted than steam pumps for boiler-feeding in 
non-condensing power plants which are unequipped with heating systems? 

IS. Why will downward fluctuations of the load on a boiler plant impair the economy 
of a mechanically-driven feed-pump in a greater ratio than in the case of a steam- 
driven feed-pump? Demonstrate with an example. 

IS. Why should both steam-pumps and power-pumps be included in the regular 
boiler-feed equipment of a non-condensing plant which is provided with an extensive 
heating system? • 

14. Describe an automatic pumping system for feeding a boiler with the returns from 
a heating system. 

15. Describe a return-trap system of boiler feeding. 

16. Explain the operation of a Farns worth Duplex Boiler Feeder. 

17. What are the advantages and disadvantages for return traps as compared to 
pumps for boiler feeding? 

IS. About what per cent, of the total coal is used indirectly by a boiler feed pump 
in a well-designed and operated plant? 

19. About what per cent, of the exhaust of a non-condensing engine is necessary to 
heat the feed water? 

50. What is meant by maintaining an exhaust-steam "heat-balance" in a power 
plant? Describe equipment for maintaining such a heat-balance automatically. 

51. What is the disadvantage of constant-speed motors for feed-pump drives? What 
kind of motor is free from this disadvantage? 

SS. What are two disadvantages of centrifugal pumps as stand-by boiler-feeding 
equipment? 

SS. Why should reciprocating power pumps be fitted with relief valves under some 
conditions? 

54. What are the two general methods of estimating feed water requirements? 
Explain each. 

55. What is meant by "forcing" a boiler? How much may one be forced? With 
what results? Under what conditions? 

56. Name four common troubles of pump governors and give their remedies. 

PROBLEMS ON DIVISION 6 

1. A set of boilers has a total rating of 600 boiler h.p. If it is desired to have a 
pump capacity of 50 lb. of water per hr. per boiler h.p., what should be the rating of 
the pump in gallons per hour. If it is later decided to force the boilers 225 per cent, 
at peak load, what capacity should the pump then have if it is to have the same per 
cent, excess capacity as before? 

S. The main engine of a power plant has a duty of 150 million ft. lb. per 1,000 lb. 
of steam and develops 500 h.p. If the auxiliaries require 10 per cent, as much steam 
as the main engine and it is desired f-o have a feed pump capacity 50 per cent, in excess 
of normal requirements, how many gallons per hour must the pump deliver? 



DIVISION 7 
FEED-WATER HEATERS 

239. The Reasons Thait Feed-Water Heaters Should Be 
Used, Fig. 218A, are these: 

(1) // cold water is fed into a boHer, additional Juel must he 
burned to raise its temperature almost to the boiling point. 
This represents a costly waste of fuel, inasmuch as in practically 
every plant either exhaust steam or hot flue gases or both, which 
would otherwise be dissipated into the atmosphere and lost, can 
be used for feedrwater heating. 

(2) The steel plates of a boiler which is in operation are very 
hot If cold water is fed into it, certain parts of the boiler shell 
may thereby be cooled eoMiessively, Thus high stresses will be 
produced due to unequal expansion of the shell. The plates are 
strained as are also the riveted joints. Leakage at the joints and 
decreased life of the boiler may resuU. 

(3) When cold water is pumped into boilers, it may contain 
impurities, which tend to form scale on the inside of the boilers 
when it becomes hot. This scale not alone interferes with the 
rate of transmission of heat from the fire to the water, but it also 
mxiy permit certain parts of the shell to become excessively hot 
because the water in the boiler is prevented by the scale, from 
contacting intimately with the shell. Blistering and short 
boiler life may resuU. But if the water is first heated to at least 
200 deg. fahr. before being forced into the boiler, many of these 
impurities may be thereby precipitated in an external chamber, 
from which they can be removed readily. Thus they are prevented 
from entering the boiler. 

240. In A Non-Condensing Plant Eighty Per Cent Of The 
Energy In The Live Steam Is Wasted In The Exhaust. — That 
is, the amount of heat remaining in the exhaust steam from a 
non-condensing engine is about 80 per cent, of the original 
heat imparted in the boiler to the steam. The truth of this 

may be shown thus: 

207 
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Example. — Consider a medium-capacity, well-maintained non-con- 
densing plant operating at 150 lb. per sq. in. boiler pressure. Such a 
plant should develop an indicated horsepower hour (i.h.p. hr.) on 25 lb. 
of steam. That is, its water rate would be 25 lb. of steam per i.h.p. hr. 
Assume that the cold feed water has a temperature of 50 deg. fahr. 
Hence, we are interested only in the heat which must be added to this 
cold feed water to raise it to the temperature of steam at 150 lb. per sq. in. 

From a steam table it is found that the heat which must be added to 
1 lb. of water at 50 deg. fahr. to convert it into steam at 150 lb. pressure 
is 1,177 B.t.u. Hence, on this basis the 25 lb. of steam which is required 
by the engine to produce 1 h.p. hr. represents: 25 X 1,177 == 29,425 
B.t.u, Now, from a conversion table, it is found that 1 h.p. hr. is equal 
to 2,545 B.t.u. Therefore, out of the 29,425 B.t.u. imparted to each 
pound of steam, only 2,545 B.t.u. is converted into useful work in the 
production of 1 h.p.hr. Thus there must be in the exhaust steam from 
the engine (disregarding radiation) : 29,425 — 2,545 *= 26,880 B.t.u. per 
i.h.p. hr. The percentage of heat converted into work on the engine 
piston must, then, be: 2,645 -^ 29,425 = 0.087 = 8.7 per cent. 

If the radiation losses are assumed to be 10 per cent, (of the heat in 
the exhaust steam) which is a fair average value, the available heat per 
indicated h.p. hr. would be: 26,880 - 2,688 = 24,192 B.t.u. The 
percentage of the total heat received by the engine which is lost in radi- 
ation is: 2,688 -^ 29,425 = 0.091 =9.1 per cent. Hence the percentage 
(of the original heat which was in each pound of steam) that is now 
available in the exhaust is: 24,192 -i- 29,425 » 0.822 = 82.2 per cent. 
Note, then, that about 82 per cent, of the original heat is available in 
the exhaust steam from the engine. Thus, summarizing, the percen- 
tages of the heat units delivered to the engine cylinder in the live steam 
are either expended or available thus: 

Heat expended as work on engine piston 8.7 per cent. 

Heat lost in radiation 9.1 per cent. 

Heat available in exhaust steam 82 . 2 per cent. 

Total 100.0 per cent. 

Where larger engines and turbines operating condensing and with 
superheat are used, a greater proportion of the heat is realized in useful 
work. A non-condensing prime mover discharges its exhaust steam into 
the atmosphere at 212 deg. fahr. A condensing prime mover discharges 
its exhaust steam into its condenser at a temperature of about 100 deg. 
fahr. or lower, depending on the vacuum maintained. Even with the 
most-efficient, condensing, steam-power-plant equipment, where the 
water rate is as low as 10 lb. of steam per h.p. hr., about 75 per cent, of 
the heat is discharged with the engine exhaust and is, for all practical 
purposes, lost. 

14 
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211. The Two G«iietal Types Of Feed-Water Heatmg 
Eqitipment are: (A) Exhaust steam feed-water heaters (which 
are treated in this Division) which are devices which uae the 
exhaust Bt«ani for raisiag the temperature of the feed-water. 
(B) Economizers (Div. 8) which 
are devices which use, for heat- 
ing the feed water, the hot flue 
gases after they are discharged 
from the boiler-furnace. 

242. Exhaust Steam Feed- 
Water Heaters are of many 
types but may be classified into 
two general divisions; (1) The 
open healer, Fig. 219. (2) The 
closed heater, Figs. 220 and 221. 
FiQ. 218.— Diiwism Of Open Feed- gy ^n Open healer is meant one 

Water Heater. - ■ . , ■ , 

m which the exhaust steam ib 
permitted to contact directly in a suitable chamber with 
the cold water which is to be heated. Thus part of the 
exhaust steam is condensed in raising the temperature of 
the cold water and is used as part of the feed water. With 



Fio. 320. — " BlBk«-Knowt«" Water-Tube Type Of Closed Eihaiut-Stwin Feed- 
Water Heater. {The water paaaea througb each of the tii tube ceaU in tuni, 
thus traTer^ng the beater lii times. The gteam puaes three timn tliiouch the 

an open heater, the temperature of the feed water can — 
assuming that sufficient exhaust steam is available, and there 
usually is, be raised to a temperature of 210to212deg. By 
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a closed heater is meant one in which the steam does not contact 
with the cold water but in which the heat from the exhaust 
is imparted to the water through the walls of tubes. Thus 
in the closed type, the water to be heated and the exhaust 
steam for heating it are confined to separate chambers. 

NoTB. — Thb Closed Beater Must -. .»_ 

Be Used Where The Boiler Feed- 
Water Must Be Maintained Abso- 
LDTELT Free From Oil. An oil 

separator, which extracts practically all i 

<^ the oil, always forms a part of open 
beater equipmenta, but these separators 
cannot always be relied upon to extract 
oU of the oil from the exhaust steam. 

2i3. Economies Accruing Due 
To The Use Of Feed-Water 
Heaters are very pronounced. In 
the average plant a saving of from 
11 to 14 per cent, in fuel may be 
expected due to the installation of 
a heater. There is usually sufficient 
exhaust steam (see Sec. 209) which would otherwise be wasted, 
available to heat the feed water. All of the heat which can 
be imparted to the feed water before it is pumped into the 
boiler represents that much saving in fuel. A temperature of • 
212 deg. fahr. is the highest to which water can be raised (at 
atmospheric pressure) without its being converted into steam. 
It follows that every effort should be made to utilize exhaust 
steam to raise the feed water to 212 deg. fahr. While a tem- 
perature of 212 deg. fahr. may not be feasible in every case, it 
is usually possible to attain a feed-water temperature of 210 
or 211 deg. fahr. Because a higher feed-water temperature 
can be obtained with an open heater than with a closed one, 
the open type is somewhat more economical. Every steam- 
power plant should have a feed-water heater. 

Note. — Thb Following Rules For Estimatino The Approxiuatb 
Fuel Saving Dim To PRBnEATiNa Febd-Watbb are often useful: 
(1) For every 11 deg. /ahr. which is added to the temperatuTe of the feed- 
loaler with exhaust steam there resTilta a saving of about 1 per cent, of the 
fvd which wovid olherwite be requtred. (2) For a given amgumpticn of 
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fudf the evaporative capacity of a boHer is increased by approximately 1 
per cent, for each 11 deg, fahr. increase of the feed-^ater temperaiure. 

Explanation. — Suppose the temperature of the feed-water is 60 deg. 
fahr., and the boiler pressure is 120 lb. per sq. in., gage. According to 
the steam tables, found in any engineering handbook, the total heat, 
above 32 deg. fahr., of steam at 120 lb. per sq. in., gage, is 1191.6 B.t.u. 
per pound. Therefore, the toUd heat that must he supplied to each pound ' 
of the feed-water is [1191.6 - (60 - 32)] = 1163.6 B,t,u, If, now, the 
feed-water temperature is raised to 71 deg. fahr. by waste heat, the 
saving = (71 — 60) = 11 B.t.u. per pound. Then the per cent, saving = 
11-5- 1163.6 = 0.009,5 or roughly 1 per cent, of the total heai supplied to the 
steam. 

Example. — ^A power plant, in which the boilers develop 1,000 boiler 
h.p. with feed water at 100 deg. fahr., is furnished with a heater which 
suppUes the feed water at 210 deg. fahr. What additional boiler horse- 
power is thus reahzed? 

Solution. — By Sec. 243 the evaporative capacity of the boilers is 
increased approximately 1 per cent, for each 11 deg. fahr. increase of the 
feed-water temperature. Hence, the power of the boilers is increased 

/210-_100 ^ 1Qq\ X IQQQ ^ IQQ ^ p 

244. The Saving Of Heat Which Results From Preheating 
Boiler Feed-Water with exhaust steam that would otherwise 
be wasted may be computed by the following formula: 

(76) H/= gzf rTi -'32) ^^^ ^P^^ ''^''^'^ 

Wherein Hf = the saving, in per cent, of the heat-content of 
the fuel. Tfi = the temperature of the feed-water, in degrees 
Fahrenheit, before preheating. Tf2 = the temperature of 
the feed-water, in degrees Fahrenheit, after preheating. 
H = the total heat in the steam which is generated in the 
boiler, in British thermal units per pound. 

Note. — The specific heat of water varies somewhat with the tempera- 
ture (see the author's Practical Heat). In the compilation of For, 
(76), however, the specific heat of the feed-water is assumed to have a 
constant value of 1.0 B.t.u. per lb. for all temperatures. Computations 
based upon this assumption are correct within 1 per cent., which is suf- 
ficiently accurate for all practical purposes. 

Example. — A boiler generates steam at a pressure of 100 lb. per sq. 
in., gage. The water which is fed to the boiler is preheated, with exhaust 
steam, from 80 deg. fahr. to 210 deg. fahr. What saving of heat results 
from thus utilizing the exhaust steam? 
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Solution. — Ab given id a table of the properties of saturated ateam, 
the total heat in steam at 100 lb. per sq. in., gage, ia 1188 B.t.u. per lb. 
Hence, by For. (76), the samng = ff/ = j (T/, - Tfi)/IH - [Tf, - 
32)1) 100 = j (210 - 80) -i- |1188 - (80 - 32)1] X 100 = 11.4 per cent. 

246. Th« Perceotage Of Fuel Saving Due To Feed-Water 
HeatUig May Be Computed Graphically (Fig. 222) for satu- 
rated or superheated steam. PoiDts A and C, for instance, 
are found corresponding to initial and Goal feed-water tem- 
peratures. A vertical line from A is traced until it intersecta 
an oblique line from C at B. A point D is then found on the 
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scale at the upper left corresponding to the steam gage pres- 
sure. A vertical line from D is traced to its intersection with 
a graph for saturated steam at E or some degree of superheat 
at F. Lines from F and E are traced horizontally to the line 
AB and then obliquely until they intersect a horizontal line 
from BatG and H. The saving in each case may be read 
from the per cent, scale. 

Example. — In the case selected in Fig. 222 the initial temperature 
was, A, 110 deg. fahr. The water left the heater at C, 210 deg. fahr. 
The gage prceeure was, D, 160 lb. per aq. in. For saturated steam, the 
saving was, 0, 9.1 per ceot. For 100 deg. fahr. superheat the saving 
was, H, 8.7 per cent. 

246. The Net Monetary Saving Which Results From 
Prdieating Boiler Feed-Water With Exhaust Steam that 
would otherwise be wasted must be computed upon a basis 



214 STEAM POWER PLANT AUXILIARIES [Div. 7 

of the interest on the investment in heating apparatus and the 
annual cost of depreciation, attendance and maintenance, 
taken in conjunction with the annual heat-saving effected, 
which may be computed by using For. (76). 



ExjLMTJM, — ^The coal-consumption of a battery of boilers which receive 
feed-water at a temperature of 110 deg. fahr. is 3 tons per day. It is 
estimated that by utilizing a quantity of exhaust steam which is now 
going to waste, the feed-water may be preheated to 212 deg. fahr. The 
average steam-pressure is 110 lb. per sq. in., gage. The coal costs $3 
per ton. The plant operates 310 days per year. The cost of the feed- 
water-heating apparatus and its installation will be $300. The rate of 
interest on the investment is 6 per cent, per annum. The assumed rate 
of depreciation is 5.0 per cent, per annum. The cost of maintaining and 
operating the apparatus is presumed to be $5 per month. What will be 
the probable annual net saving? 

Solution. — As given in a table of £he properties of saturated steam, 
the total heat in steam at a pressure of 110 lb. per sq. in., gage, is approxi- 
mately 1,190 B.t.u. per lb. Hence, by For. (76), the probable thermal 
saving = H/ = {(T/, - Tfi)/IH - (T/i - 32)]} 100 = {[(212 - 110) -f- 
[1,190 - (110 - 32)1} X 100 = 9.17 per cent. The preserU annual coat 
of the coal supply = 3 X 3 X 310 = $2,790. Therefore, the probable re- 
duction in the annual coal biUy due to utilizing the available exhaust 
steam = (2,790 X 9.17) + 100 = $255.84. The interest on the invest- 
merU = (300 X 6) + 100 « $18. The annual cost of depreciation = 
(300 X 6.0) •*- 100 — $15.00. The annual cost of maintenance and oper- 
ation s (12 X 5) " $60. Hence, the approximate net anniud saving wiU 
be 256.84 - (18 + 16 -f 60) = $162.84. 

In other words the feed-water-heating equipment will pay for itself in 
about 2 yr. If the heater were installed in a plant where it would not 
be necessary to employ additional labor to maintain it, it would pay for 
itself in about IM yr. 

Note. — Op All Boiler Room Accessories, Feei>-Water Heaters 
Are, Probably, The Most Effective Savers Of Coal. (From the 
American Correspondence School.) With condensing engines, the 
condensate-pump discharges from the condenser into the hot well. Then 
the water is drawn from the hot well as boiler feed at a temperature of 
100 deg. to 140 deg. F. This, however, if the boiler pressure is over 
100 lb. per sq. in., is not a suflficiently-high temperature for the best 
economy. Feed water at this temperature should be passed through a 
feed-water heater. With non-condensing engines it is, from a standpoint 
of economics absolutely necessary that in some way the feed water be 
heated by the exhaust steam in a feed-water heater or by the waste gases 
from the chimney in an economizer. 
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247. Exhaust-Steam Feed-Water Heaters May Be Clasd- 
fied With Respect To Their Relation To Other Plant Equip- 
ment (see also Sec. 242), as hereinafter explained, as primary 
and secondary heaters. They may be classified with respect to 
the steam pressure used as atmospheric, vacuum and pressure 
heaters. 

248. Table Showing Classification Of Representative 
American Feed-Water Heaters (partly from Gebhardt). 







Bonar 


Moffat 






Blake-Knowles 


ReUance 




Open 


Cochrane 


Sims 




Atmospheric 


Cookson 


StiUwell 






Elliot 


Webster 






Hoppes 




Exhaust 
steam 










Vacuum, pressure, 


American 


Ross 






or atmospheric 


Griscom Russel 


Standard 




'O 


(water tube). 


Gaubert 


Wain Wright 




6 




National 


Wheeler 




Vacuum, pressure, 


Berryman 


Otis 






or atmospheric 


Kelly 


Ross 






(steam tube). 






Live steam 




Open pressure 


Hoppes 








Baragwanath 





249. A Primary Or Vacuum Heater is a closed feed-water 
heater which is connected to the exhaust of a condensing engine 
between the engine and the condenser. The conditions favor- 
able to the installation of a primary heater exist where the 
supply of exhaust steam from the auxiUaries in a condensing 
plant is insufficient for properly heating the feed water. In 
such cases (Fig. 223) the feed-water can first be heated in the 
primary heater, with steam exhausting from the engine and 
then be passed through a secondary heater (Sec. 250) which is 
supplied with exhaust steam, at atmospheric pressure or above, 
from the auxiliaries. The primary heater is under about the 
same vacuum as the condenser. If the condenser maintains 
a vacuum of 26 in., the temperature of the discharge from the 
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primary heater will probably not exceed 118 deg. fahr. The 
primary heater also acts as a supplementary surface condenser 
in which the feed-water acts as condensing water. 

Note. — A Pbimart Hbatbb la EepociALLT Usbptil Where A Jet 
CoNDENSEB Is UaBD And The Condbnsgr Watbr Is Unsutted For 
Boiler Feed. When this is true, fresh water must be used Eta boiler 
feed and is usually supplied at much below hot-well temperatures. For 
instaace, if an average hot-well temperature ia 100 deg. fahr. and the 



ris. 223.— Showing Method Of InBtalliiiK PrimBcy And Secooduy Fced-Wster Uesten. 

water supply temperature is 60 deg. fahr., additional heater capacity is 
necessary to raise the water the difference of 40 deg. fahr. The same 
necessity for a primary heater exists when a high vacuum is obtained 
with a surface condenser. The condensate may then be cooled to 60 
deg. fahr. or a lower temperature. 

260. An Atmospheric Heater is an open or closed feed- 
water heater (Fig. 224) which utilizes the exhaust from non- 
condensing enginesorauxiliaries. The pressure on these heaters 
is equal to the back-pressure on the engines which supply 
the exhaust steam. Where auxiliaries supply the exhaust, 
this pressure is usually controlled by a back pressure valve, at 
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a few pounds above atmoBpheric. Where the exhaust from 
the heater ia used in a vacuum heating system, the pressure 
may be a few inches mercury column below atmoapheric. The 
maximimi feed-water temperatures obtainable in atmospheric 
heaters are about 200 deg. fahr. in closed heaters and 210 deg. 
fahr. in open heaters. 



261. Both Vacuum And Atmospheric Heaters May Be 

Used In Condensing Plants (Fig. 223).— The feed-water is 
first forced by the feed pumps through the vacuum heater, in 
which it absorbs whatever heat may be abstracted from the 
exhaust steam coming from the main engine. The feed-water 
then passes through the atmospheric heater and on to the 
boilers. Exhaust steam from the pumps or from any other 
source, which it may be inconvenient or unprofitable to con- 
dense, is piped to the atmospheric heater. When an atmos- 
pheric heater is connected in this way it ia commonly called a 
aecondiry heater as distinguished from a primary or vacuum 
heater. 

Note. — Thh Secondary Heater Mat Be Op The Open Or Closed 
Type. When, however, it is of the open type, the teed water must flow 
by gravity — or be forced by a separate pump — through the primary 
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heater. It is usual therefore to select secondary heaters of the eloeed 
type. The prunary heater is always of the closed type. 

262. InstalUtion Of Primaiy And Secondary Feed-Water 
Heaters, To Be Operated Alternately (Fig. 225), may be advis- 
able for condensing plants in which the quantity of exhaust 
steam from the auxiliaries is, ordinarily, sufficient for feed- 
water heating, but where the eondenaer auxiliaries are occa- 



Fkf. 225. — IiiBtalliitioB Of Primaiy And Secondgry HssUn For Alternate Operation. 

aionally inoperative on account of the main engine being 
required to exhaust to the atmosphere. With such installa- 
tions the primary heater can be used alone at such times as the 
main engine is running non-€Ondensing, while the secondary 
heater can be used alone when the operation is condensing. 

263. The Back-Pressure On An Engine May Not Be 
Increased By Installing A Feed-Water Heater in the exhaust 
line. This is, with closed heaters, due to the fact that the 
shell of the heater, in the case of a water-tube heater, or the 
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nest of tubeB, in the case of a steam-tube heater, is, usually, 
of much greater cross-sectional area than the exhaust pipe. 
Also, the partial condensation of the exhaust steam, due to 
absorption of heat therefrom by the feed-water, tends to 



Fid. 220. — Coehrsiw Open loduotton Henter. It, Eqmpp«i With AutDmatio Thamo- 

Btatio Valve. Uted For Eihaiut St«*m-HeBtiaa Byncm. 

(In the ordinary power plant which naee eihaiut ateam-heatiiMi, the power sad heatins 

nquiremenla rarely balance. Some ot the time, petbapa hall the year, atcam ii wMted 

to atmoaphoe. On tbe other hand, (<entral4ta(iDD enercy may be used when mora 

made heat balani* lor euoh conditions may be provided by the arrancement ihowa 
above. The baek-preawire turbine, T, eihaiietB into a ateam-etBok heater. H. and to 
the heatinc ayitem, S, The lenerator. O, sopplin enercy to the loeal eircuit, which is 
alao eonoeeled to the oeatral-etadon company'a street mains throuEh a meter. 

A thermoatat. responuve to the temperature of the water in the heater, aovenu the 
admission ot eteam to the turbine (nibject, of course, to an automatic speed Unit). 
When the power rsquirementa are (reatet than the heat requirement*, oentral^station 
cnercy i« taken throufh the meter. If at tim« more heat than power is required, steam 
can be by-pased automatically ot power ean be sold back Ui the electric company. 
The conversion of heat to mechanieal power and buildinc heating is. srith this arranae- 
ment, practically 100 per cent, perfect. No heat is wasted to atmosphere or to con- 



prevent back-pressure. An open induction heater (Sec. 254) 
with an extra-large oil-separator may be used on a non-con- 
densing engine exhaust without increasing the back-pressure 
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more than J.^ lb. per sq. in. Where the engine exhaust is 
used for feed-water heating only, an open heater arranged 
thus and properly vented and managed will heat the feed 
water to within about 2 deg. fahr. of the exhaust steam 
temperature. Some open heater manufacturers claim that 
an open heater need not cause any additional back-pressure. 

Note. — A BACK-PRBseimB Valve Increases The EFFEcrrrBNEss Or 
A Feed-Water Heater and acta also ae a safety valve for the heater. 
It Bhould be a reliable easy-moving valve of large port opening. When 
an induction heater and a heating system are supplied with steam from 
the same exhaust line (Fig. 226), a back-pressure valve is necessary to 
insure proper distribution of the steam to all the heating equipment. 
A hack-pressure valve decreases the power developed by an engine about 
2H PC cent, for each pound of back pressure. The cost of the decreased 
engine efficiency due to back pressure carried for a heating system is 
usually much less than the cost of the live steam nhich would be required 
for heating if the back pressure were not maintained. The decrease in 
engine power due to a back pressure may be made up by carrying 2 to 5 
lb. per sq. in. greater boiler pressure for each pound of back pressure — 
which will of course require the burning of a slightly greater amount 
of cot^. 

264. Exhaust-Steam Feed-Water Heaters Hay Be Classi- 
fied According To Their Piping Arrangements as: (1) Induced 

or draw heaters (Figs. 227, 228, 
229, 230, 231, 232), which re- 
ceive no more exhaust steam 
from the available supply than 
the water will entirely condense. 
(2) Through or thoroughfare heat- 
ers (Figs. 233 and 234), which 
receive all of the available 
supply of exhaust steam. With 
the first arrangement, complete 
condensation of the steam 
which passes into the heater 
induces a continual Sow thereto 
through a branch from the main 
exhaust pipe. If the quantity 
of steam exhausted by the engine is greater than that which 
can be condensed in the heater, the excess, with the first 
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arrangement, may go directly from the engine to the atmoe- 
jAere, or to a heating system or condenser. With the second 



Flo. 238.— Hoppcs HoriiODtal Eibsiut-Stesm Feed-Wster Heater lutalled For 
loduetion Operation With Gravity Heatins Syatam. 



arrangement, if more steam is received than can be condensed 
in the heater, the excess passes through the heater to the 
atmosphere or heating system. 
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Note. — Ir The Qdantitt Of Exhaost Steah Avaii.able Fob Heat- 
na The Feed-Water Is Excessive, the open heater should (Fig. 228) 
)e arranged for induction service. If the surplus exhaust steam from 



*-»Mirtilsr Sgtttm qr 




Fio. 232.— Induution-Type Open Feed-Water Heftt«r, H. lOBtaUed In CoocectioB 
With ReciproCBtinc Engiiie, E, And Miied-Flow Turbine, T. (EibauBt from redpio- 
c»tin«-en«iiie, teed-pump turbine. F, uid suiiliBry turbine. A, piped to feed-n»t«r 
hater, heating system and iniied-flaw turbioe.) 

an induction heater is used for heating or drying purposes, and the result- 
ing condensate is afterwards returned to the heater, the surplus steam 
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should be passed through an independent oil separator. With induction 
operation the surplus steam will paaa on in a much drier condition than 
if it had gone through the heater. If the condensate from a closed heater 



Fro. 231. — Bquipmea: 

is to be returned to an open heater, the inlet to the closed heater should 
be fitted with an oil separator. 

266. The Piping Of An Induction Heater should be bo 
arranged, when possible, that the direct impulse of the exhaust- 
steam current (Fig. 230) is toward the heater, rather than 
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toward the atmosphere or heating system (Fig. 231). The 
object of this is to insure delivery to the heater of as much 
steam as it can accommodate. With the impulse of the 
steam current at right angles to the heater (Fig. 231) the 
heat«r might receive a scanty or starved supply. 

266. The Temperature Of The Exhaust Steam Entering A 
Feed-Water Heater depends upon the back-pressure. If the 
steam in excess of that which is condensed in the heater is 
discharged directly to the 
atmosphere, then the back 
pressure is, ordinarily, at- 
mospheric pressure. 
Hence, in such cases the 
temperature is about 212 
deg. fahr. But if the ex- 
cess of steam is used in a 
heating system, the back 
pressure may range from 
atmospheric up to about 5 
lb. per sq. in. In the lat- 
ter case the temperature 
would be about 227 deg. 
fahr. 

257. Open Exhaust- 
Steam Feed-Water Heat- 
ers Are Generally Designed 
To Perform A Four-Fold 
Functioa as follows: (1) To 
remove the oil from the ex- 
haust steam which supplies 
the heat. This is accom- 

Fio. 235,— The Moffat Open Eihsiul-Steam pUshed by meaUS of aU 
Feed-Water Hester And Purifier oil-Separatiug dcvice (Fig. 

236) which (Fig. 235) usually forms an integral part of 
the heating apparatus. (2) To bring the exhaust steam and 
feed-water into intimate contact. The heating effectiveness of 
the apparatus depends principally upon the thoroughness 
with which this detail of its operation is fulfilled. (3) To 
purify the mixture of feed-^afer and condensed exhatisl steam 
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by fJtration. This may be accomplished (Fig. 235) by 
causii^ the heated water to percolate through chambers filled 
with filtering material. (4) To afford storage space for the 



Iia. 236.— Oit^BepantiDa Element 0( MoBat Op«n Eihaiut-Steam Feed-WHter Htatar. 



Fto. 337.~Du«rsEa Bhowinc How A Fwd-Watar Heitei Serves Aa A Clearing Hoiue 
nx AU AvuUbte Supplies Of £iliftust Steun And Water Which Are SuiUble For 
Bolter Fe«ding. (Light tinea repretent eihauBt-gteBm piping; lieavy linea, w»tn 

heated and filtered water and act as a receiver for condensate 
from various sources (Fig. 237). 

Explanation.— The feed-water eaters the heater (Fig. 236J through 
the pipe F. The rate of flow ie controlled by the valve V, which ia oper- 
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ated by the float H. The water rains down through the perforated 
plate R and passes successively through the filter beds Mi and M. From 
the fitter bed M, the water rains down through chamber A, wheace it 
percolates upward through the coke filter in chamber N, and thence 
through the strainer L into the ator^^ chamber Y. 



Fig. 238. — Cochnme Open Induction Feed-Water Heater. 

The exhaust steam enters the heater (Fig. 235) through the nozzle E, 
and (Fig. 236) is diverted to a downward flow, through the cups C, into 
the separating chambers 8. The momentum of the oil-particles precipi- 
tates them to the bottoms of these chambers. As the oil accumulates, 
it flows through the openings (£, F^. 236) into the space surrounding 
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the separating chambers, and thence out through the drain-pipe W. The 
steam (Fig. 235) circulates upward through the core-pipe, K, and is 
deflected by the plate, D, through lateral openings in the core-pipe, into 
the annular chamber A. A portion of the steam is condensed by the 
water percolating through the filter bed M, another portion ascends 
through the duct T, while a considerable portion reenters the core-pipe, 
Kj through the openings above the deflecting plate D. The steam which 
reenters the core-pipe is deflected into the annular chamber Ai by the 
plate Di. The same events which followed the entrance of the steam 
into chamber A then ensue. Some of the steam is condensed in the filter 
bed Ml, some of it passes up through the duct Ti, while the remaining 
portion again reenters the core-pipe through the openings above deflect- 
ing plate Di. The steam ascending through the core-pipe finally en- 
counters the cold water supply as it trickles down through the rain-plate 
R, Then if the heater is operated on the through principle the uncondensed 
steam passes around the edge of the upper baffle, Uj and out through 
the nozzle 0. With induction operation the exhaust outlet, 0, is closed 
except for a small vent pipe leading back to the exhaust pipe (Fig. 227). 

The perforated pipes B and X have external connections, through the 
shell, to a source of water under pressure. Pipe B is provided for flush- 
ing down the coke filter. Pipe X is provided for washing the sludgy 
deposits from beneath the coke filter out through the blow-off valve. 

Note. — The Condensate From A Gravity Heating System may 
be piped, G (Fig. 235), directly to an open feed-water heater. See also 
Fig. 237. 

Note. — The same operations are performed with different construction 
by the Cochrane heater (Fig. 238). 

258. If The Carbonates Of Lime, Magnesia And Iron Are 
Dissolved In A Feed Water, they may be removed by an 
open feed-water heater. These impurities precipitate at 
temperatures below 212 deg. fahr. Hence, if this temperature 
is maintained in an open feed-water heater the impurities 
mentioned will be deposited in the heater. Thus the forma- 
tion of scale in the boilers may be largely avoided. For the 
destructive effects of scale on boiler tubes and plates see the 
author's Steam Boilers. 

259. Only Liquid Oil Can Be Removed By The Oil-Separator 
Of An Open Feed-Water Heater. — Hence, if a low grade 
of oil is used for engine-cylinder lubrication, the separation 
may not be complete. This will be due to the fact that some 
of the constituents of low grade oils vaporize at the steam 
temperature. The oil vapor will then pass into the heater 
and form an emulsion with the water. Thus a portion of the 
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oil will be delivered to the boiler. Therefore, none but a 
high grade of oil should be used for engine-cylinder lubrication 
where the exhaust from the engine is to be condensed in an 
open feed-water heater. See the Author's Steam Boilers. 

Note. — Oily Feed Water Is Very Objectionable. Oil is a very 
poor conductor of heat. Hence, if the oil, which may be admitted to a 
boiler with the feedwater, lodges on the firensheets or tubes, overheating 
of the sheets or tubes may result. The overheating may then cause the 
plates or tubes to bag or bulge, thus weakening the material and inviting 
rupture. (See the author's Steam Boilers.) Hence, removal of the 
oil from the exhaust steam which is used is a very important function of 
the open feedwater heater. 

260. The Air And Carbonic Acid Gas Which Water For 
Boiler-Feed Generally Holds In Solution are largely Uberated 
in an open feed-water heater at about 210 deg. fahr. If the 
separation takes place in the heater no damage will result. 
The liberated air and carbonic acid gas will pass out through 
the vent to the atmosphere. But, in the absence of an open 
heater, if the separation takes place in the boiler, the liberated 
gases will combine chemically with the material of its construc- 
tion and rapid corrosion will result. 

261. The Use Of A Feed-Water Heater Is Advisable As A 
Boiler Protective Measure Even Where No Economic Saving 
Is Apparent. — ^The strains in boiler plates, due to cold feed- 
water striking directly against them, are estimated (The 
Locomotive) at 8,000 to 10,000 lb. per sq. in. This in addition 
to the normal strain produced by steam pressure is quite 
enough to tax the girth seams beyond their elastic limit if the 
feed pipe discharges anywhere near them. Hence, it is not 
surprising that girth seams develop leaks and cracks in 99 
cases out of every 100 in which the feed discharges directly 
against the fire sheets. From the foregoing it is evident that 
the feed-water heater is a necessary part of the equipment of a 
power plant aside from all purely economic considerations. 

262. The Temperature To Which Feed Water May Be 
Raised By Steam In An Open Heater depends upon the 
quantity of exhaust steam available, the initial temperature 
of the feed-water, and the temperature of the exhaust steam. 
When all of the exhaust steam which is delivered to the heater 



Sec. 2631 FEED-WATER HEATERS 229 

is condensed therein the final temperature of the feed water 
may be computed by the following formula : 

(77) r,, = ^^'^^ + ^"•^^;^^ +^^^ (degrees Fahrenheit) 

Wherein 7/2 = the temperature of the water leaving the 
heater, in degrees Fahrenheit. T/i = the temperature of 
the water entering the heater, in degrees Fahrenheit. W/ 
= the weight of the feed-water entering heater, in pounds per 
hour. W, = the weight of the exhaust steam, in pounds per 
hour. H = the total heat, above 32 deg. fahr. in the exhaust 
steam, in British thermal units per pound. 0.9 = 90 per cent. 
= the assumed elBSciency of the heater. 

Note. — When the result obtained by For. (77) is a temperature 
greater than the temperature of the exhaust steam, it means that all of 
the steam will not be condensed. The temperature of the discharge 
from the heater is, then, within 2 to 5 deg. fahr. of the exhaust steam 
temperature, and the amount of steam condensed may be calculated by 
For. (78). 

Example. — A 1,200 h.p. condensing engine uses 20 lb. of steam per h.p. 
per hr. The auxiliaries use 2,400 lb. of steam per hr. The exhaust from 
the auxiliaries is condensed in a through-type open feed-water heater. 
The atmospheric relief-valve above the heater is set for a back-pi^ssure of 
4 lb. per sq. in. The feed-water is delivered from the hot-well to the 
heater at a temperature of 110 deg. fahr. What is the temperature of 
the water flowing from the feed-water heater to the feed-pump? 

Solution. — The quantity of water delivered to the healer — (1,200 X 
20) s 24,000 U), per hr. As given in a table of the properties of saturated 
steam, the total heat, above 32 deg. fahr., in steam at a pressure of 4 lb. 
per sq. in., gage, is 1,155 B.t.u. per lb. Hence, by For. (77), the temper^ 
ature of the water leaving the heaier = T/i = [T/i W/ + 0.9W,(H + 32)]/ 
(W/+0.9W.) = {(UOX 24,000)+ [0.9X 2,400X (1,155+32)]} -h [2,4000 
+ (0.9 X 2,400)] = 199 deg. fahr, 

263. In A Non-Condensing Plant Only About One-Seventh 
Or Fourteen Per Cent. Of The Steam Exhausted From The 
Engine And Auxiliaries Can Be Utilized For Feed-Water 
Heating; About Eighty-Six Per Cent. Of The Exhaust Steam is 
Wasted. — The feed water should usually be heated to 212 deg. 
fahr. It is impossible to heat it to a higher temperature at 
atmospheric pressure without causing it to vaporize into steam. 
And, furthermore it is an impossibility to heat the feed water 
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to a temperature higher than that of the exhaust steam which 
is used for the heating. The temperature of this exhaust 
steam is always, at atmospheric pressure, 212 deg. fahr. 

Note. — The Exhaust From The Engine And Aitxiliaries Is 
Pbacticallt All Steam, although it carries some condensed water. 
This exhaust steam holds the same amount of heat as any steam at 212 
deg. fahr. Now the latent heat in this steam, the heat which each pound 
of steam will give up in changing from steam at 212 deg. to water at 
212 deg. is, as taken from a steam table, 970.4 B.t.u. But the heat 
required to raise the temperature of 1 lb. of water from 50 deg. fahr. 
(which is the average cold feed-water temperature) to 212 deg. fahr. is 
only: 212 — 50 = 162 B.t.u. Therefore, the number of pounds of cold 
feed water which will be heated from 50 deg. fahr. to 212 deg. fahr. by 
1 lb. of exhaust steam will be 970.4 -^ 162 = 6 lb. One lb. of steam will, 
then, afford all of the heat that 6 lb. of feed water can, under the circum- 
stances, absorb. 

264. The Proportion Of The Total Steam Generated In A 
Non-Condensing Plant Which Is Useful In Feed Water Heat- 
ing is about 14 per cent. For each 6 lb. of cold water at 50 
deg. fahr. (as above described) which is pumped into the boiler 
1 lb. of water condensed from exhaust steam is pumped in with 
it. (This assumes that an open feed-water heater is used). 
This gives a total of 7 lb. of hot feed water pumped into the 
boiler for each pound of exhaust steam used. Thus (See also 
Sec. 263) only about M or 14 per cent, of the total water piunped 
into the boiler (that is, }^ of the steam generated but finally 
exhausted through the engine and auxiliaries) can be effective 
for feed-water heating. The remainder, or 86 per cent, of the 
exhaust steam is wasted — ^unless it is employed for room heat- 
ing or some similar useful non-power-generation purpose. 

265. In A Condensing Plant Which Carries A 26-Inch 
Vacuum Only About One-Eleventh Or Nine Per Cent Of 
The Steam Generated By The Boiler Can Be Used For Heat- 
ing The Feed Water. — In a condensing plant all of the steam 
from the engine is condensed with cold water and is discharged 
into the hot well. Some of the auxiliaries should be operated 
non-condensing so that their exhaust can be used for heating 
the feed water from the hot well up to 212 deg. fahr. if possible. 
The temperature of this condenser-discharge water which is 
thus used from the hot well for boiler feed is (with a 26-in. 
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vacuum) about 120 deg. fahr. Therefore, to raise its temper- 
ature to 212 deg. fahr. there will be required only 212-120 = 
92 B.t.u. It is a^umed that an open feed-water heater 
will be used. Hence, for these conditions the number of 
pounds of feed water which will be heated from 120 deg. to 212 
deg. by 1 lb. of exhaust steam (which will give up 970.4 B.t.u. 
of latent heat in changing from steam at 212 deg. to water at 
212 deg.) will be:— 970.4 -r 92 = 10.6 lb. That is, 1 lb. of the 
exhaust steam at 212 deg. fahr. will heat 10.6 lb. of the 120 
deg. fahr. feed water to 212 deg. fahr. How, with each pound 
of the hot-well water which is fed into the boiler, the 1 lb. of 
condensed steam which is used in raising the temperature of 
the hot-well water is fed in with it. Hence, for each 1 lb. of 
exhaust steam utilized for feed-water heating there is fed into 
the boiler : — 10.6 + 1 = 11.6 lb. of feed water at a temperature 
of 212 deg. F. 

This being true, there is only 1/11.6 = 8.6 per cent, or say, 
9 per cent, of the total steam generated by the boiler which can 
be used for heating feed water. Obviously, then, the ideal 
economic condition for a condensing plant which carries a 26 
in. vacuum is to have auxiliaries which will furnish exhaust 
steam to an amount equivalent to about 9 per cent, of the 
steam generated by the boiler. It should be imderstood that 
the 9 per cent, is the ideal value which appUes only for the 
water temperature conditions specified for this example. 
Losses such as condensation and the like, for which no allow- 
ance has been made in this problem, will tend to increase above 
9 per cent, the amount of exhaust steam which can be used for 
feed-water heating. 

Note. — It Is Reasonable To Expect That The Auxiliaries In 
The Average Plant Will Supply About The Amount Op Exhaust 
Steam Required For Heating The Feed Water. Every effort should 
be exerted to produce just enough exhaust steam to heat the feed water 
up to 210 deg. or 212 deg. But there should be no exhaust in excess of 
this. If there is excess exhaust the heat in it will be wasted. 

266. To Compute The Weight Of Steam Condensed By An 
Open Heater, use the following formula: 

^^^^ ^' =0.9(ff + 32) - Tn + 0.1 T« db- per hr.) 
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Wherein: W, = weight of steam condensed, in pounds per 
hour. r/i=discharge temperature of feed-water in deg. fahr. 
T/i = initial temperature of feed-water in deg, fahr. Wp = 
weight of hot water delivered by heater in pounds per hour. 
H •= the total heat in the exhaust steam, above 32 deg. 
fahr., in British thermal unita per pound. 0,9 = 90 per cent, 
which is the assumed efficiency of the heater. 

Example. — Suppose 2,400 lb. per hr. of feed water is required by a 
boiler. Steam at 227 deg. fahr. is available for feed-water heatii^. 
The initial temperature of the feed-water is 90 deg. fahr. and it is delivered 
at 212 deg. fahr. What weight of ateam ia coadensed by the heater? 

Solution.— As given in a table of the properties of saturated steam, 
the total heat above 32 d^. fahr., in steam at 227 deg. fahr. is 1,166 
B.t.u. per lb. By For. (78) (Ae teetghi of ateam amdented. 



0.9(1,166 -1- 32) - 90 -K0.1 X 212) 



- 293 26. per hr. 



Fia. 239.— Hoppes Live-aWBm Hester 
Haogins On The Crsne. (Beaten of vei 



267. The Pan Or Tray Area Required In An Open Heater 

using pans or trays (Fig. 239 and 240) is (Kent's Mechan- 
ical Engineers' Pockbtbook) as follows: 



Quality of water 


Surface in sq 
be 


ft. per 1^ lb. at water 




FcH vertical type 






8.6 
6.0 
2.0 
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Note. — The practice in beater manufacture is, however, to use a total 
tray surface equal to about 3 to 4 times the horizontal sectional area of 
the shell at the plane at which the trays are located. The space between 
the pans or trays is made not less than 0.1 the width for rectangular and 
(X25 times the diameter for round, trays or pans. It is not customary to 



Fid. 240.— BUke-Knowleg Open Eih 

use mote than six pans in a tier. The size of the water storage or settling 
space in the horizontal type varies from 0.25 to 0.4 the volume of the 
shell; and in the vertical type tram 0.4 to 0.6. The filters occupy from 
10 to 15 per cent, of the volume of the shell in the horizontal type and 
from 15 to 20 per cent, in the vertical. 
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268. To Compute The Approximate Size Of Shell Required 
For An Open Heater, use the followiDg formulse: 

W 

(79) Af=^ TFf- (square feet) 

KL/h 

or 

(80) ^'^ = £fe (^^^*) 

Wherein: A/ = cross-sectional area of heater, in square feet. 
Lh = height of heater, in feet. W/ = weight of feed-water 
heated by the heater, in pounds per hour. X = a constant; 
for clear water K = 270; for sUghtly muddy water K = 200; 
and for very muddy water K = 70. The formula is based on 
proportions of commercial heaters fiurnishing 6,000 or more 
lbs. per hour of feed-water. These heaters were all of upright 
design having Lh not more than 3 times the smaller base 
dimension. For heaters furnishing 3,000 to 5,000 lb. per hr., 
allow 25 per cent, more capacity than given by the formula. 

Example. — What should be the tray area and shell dimensions of an 
open heater to heat 10,000 lb. per hr. of feed water. The heater is to be 
square in cross section and the height is to be twice the base dimension. 
The water is slightly muddy. 

W/ 10,000 

Solution. — By For. (80), Lh = — — = — —or A fLh= 50 cu. ft. 

A/K Ay X 200 

But, for a square section one side being K^a> HLh X }4Lh X Lk = 50 or 
Lh = -^4 X 50 = 5.85 ft. or about 5 ft, 10 in. The base is 2 ft. 11 in. 
or 2.92 ft, square. The tray area required is (Sec. 267) about 3.5 times 
the cross-sectional area, or 2.92 X 2.92 X 3.5 = 30 sq. ft. approx. 
Assuming that six trays are to be used they will beabout \/30/6 or 2 ft, 
3 in, square. They should be at least 0.1. the width or 2% in. apart. 
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270. Table Of General Data And Approximate Net Selling 
With Exhaust Steam (Harding and Willard, Mechanical 



Horsepower ratine 



50 



100 



150 



200 



250 



300 



350 



425 



500 



Poundb feed water per hour. . . 

Weight in pounds 

Net price f.o.b. factory 

Width, inches 

Depth, inches 

Height, inches 

Max. dia. exh. inlet and outlet 

Dia. cold water supply 

Dia. ins. pump suction 

Dia. waste and overflow 

Number of trays 

Length per tray, inches 

Width per tray, inches 



1500 

1200 

$102 

25 

21 

62 

4 

1 

IH 

IH 

4 

17 

12 



3000 

1300 

129 

27 

23 

63 

5 

1 

2 

IH 

4 

19 
13H 



4500 

1800 

159 

30 

25 

70 

6 

IH 

2H 

2 

4 

21 

15 



6000 

2100 

188 

32 

27 

73 

6 

IH 

2H 

2 

5 

22 

15 



7500 

2400 

229 

34 

29 

78 

7 

IH 
3 

2H 

5 

24 

16H 



9000 

2700 

256 

43 

29 

78 

7 

IH 
3 

2H 

5 

24 

16H 



10500 

3000 

275 

39 

33 

84 

8 

2 

4 

3 

5 

28 

21 



12750 

3300 

302 

49 

33 

84 

8 

2 

4 

3 

5 

28 

21 



15000 

3700 

331 

45 

38 

75 

9 

2 

4 

3 

10 

32 

lOH 



Nom. — The heaters tabulated above are designed for power-plant operation, and not 
See notes below Table 271 regarding prices. For estimating purposes and preliminary 
10 per cent to cover steam consumption of auxiliaries (pumps, etc.). The value so 
hour.*' Select a heater accordingly. In considering heaters of the same general tsrpe, 

271. Table Of General Data And Approximate Net Selling 
With Exhaust Steam. (Harding and Willard, Mechanical 



Horsepower rating 


50 


60 


70 


80 


100 


130 


160 


200 


240 


Pounds feed water per hour 


1500 
17 


1800 
20 


2100 
23 


2400 
27 


3000 
33 


3900 
43 


4800 
53 


6000 
67 


7200 
80 


Tube heating surface, sq. ft 


Number of tubes 


18 
IH 


18 
IH 


18 

IH 


18 
IH 


18 
IH 


36 
IH 


36 
IH 


36 
IH 


36 
IH 


Diameter of tubes, inches 


liength of tubes, inches 


H5H 


42H 


49H 


5«H 


70 


45H 


56 


69H 


83H 


Diameter of shell, inches 


12 

IH 


12 
IH 


12 
IH 


12 

IH 


12 
IH 


16 
2 


16 
2 


16 
2 


16 
2 


Diameter of feed pipe, inches 


Diameter of exhaust pipe, inches 


6 


6 


6 


6 


6 


8 


8 


8 


8 


Total length — horisontal heater 


4'7» 


5' 2" 


5' 8* 


6' 3* 


7'5» 


5'7» 


6' 5* 


7' 7" 


8'8» 


Total length f vertical type. . . 


5' 4" 


5' 11" 


6' 6" 


7'0' 


8' 2' 


6' 4" 


7' 2" 


8' 4* 


9' 5* 


on legs 1 horizontal type 


2' 6' 


2' 6* 


2' 6' 


2' 6' 


2' 6' 


3'0*' 


3'0' 


3'0' 


3'0' 


Shipping weight, ( vertical type. . . 


880 


900 


950 


1000 


1125 


1250 


1550 


1700 


1900 


pounds y horisontal type 


950 


1000 


1050 


1250 


1400 


1675 


1750 


1900 


2000 


Net selling ( vertical type. . . 


$133 


140 


147 


154 


168 


193 


214 


235 


252 


price \ horizontal type 


$144 


155 


163 


171 


186 


214 


238 


260 


280 



NoTB. — " Closed" feed water heaters are either of the water-tube or steam-tube tjrpe. 
exhaust steam passing through the shell. In the latter the exhaust steam is passed 
shell. The water-tube heater is the type generally used in steam-power-plant work. 
Heaters may be vertical or horizontal type as space dictates. See note under Table 
note (a) material of tubes; (b) square feet of tube heating surface; (c) the u>eights; (d) the 

NoTB. — The prices listed above are for 1916 and cannot be relied upon closely at 
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Prices Of Feed -Water Heaters Of The Open Type— For Use 

Equipment op Buildings, Vol. II) 



600 


750 


850 


1000 


1250 


1500 


1750 


2000 


2500 


3000 


4000 


5000 


6000 


18000 


22500 


25500 


30000 


37500 


45000 


52500 


60000 


75000 


90000 


120000 


150000 


180000 


4300 


4000 


5400 


6400 


7000 


8300 


91.00 


10000 


11000 


12000 


15000 


16000 


17000 


380 


420 


493 


540 


618 


720 


820 


925 


1060 


1155 


1410 


1605 


1738 


55 


50 


60 


56 


68 


67 


78 


113 


113 


115 


128 


130 


132 


38 


42 


42 


48 


47 


56 


53 


42 


48 


54 


54 


62 


70 


75 


84 


84 


87 


84 


97 


97 


88 


88 


88 


100 


100 


100 


10 


10 


12 


12 


12 


14 


14 


16 


16 


18 


20 


22 


24 


2H 


2H 


2H 


2H 


3 


3 


3 


3H 


3H 


4 


4H 


5 


5H 


4 


4 


5 


5 


5 


5 


6 


6 


7 


8 


9 


10 


10 


3H 


3M 


3H 


3H 


4 


4 


4 


5 


5 


6 


7 


8 


8 


10 


10 


10 


20 


20 


20 


20 


20 


40 


40 


40 


40 


40 


32 


36 


36 


22 


22 


25 


25 


36 


22 


25 


25 


29 


33 


lOH 


12 


12 


15 


15 


18 


18 


15 


15 


15 


18 


18 


18 



designed to operate in conjunction with steam-heating Bystems under back pressure, 
determinations, compute the steam consumption, per hour of the main engines, and add 
obtained corresponds to the line of the table entitled "pounds of feed water heated per 
but of different manufacture, compare particularly cubic contents, weights, and prices. 

Prices Of Feed-Water Heaters Of The Closed Type— For Use 

Equipment Of Buildings, Vol. II) 



300 


350 


400 


500 


600 


700 


800 


900 


1000 


1200 


1500 


1800 


2000 


9000 


10500 


12000 


15000 


18000 


21000 


24000 


27000 


30000 


36000 


45000 


54000 


60000 


100 


117 


133 


167 


200 


233 


266 


300 


333 


400 


500 


600 


667 


60 


60 


60 


90 


90 


90 


126 


126 


126 


126 


150 


150 


186 


IH 


m 


IH 


IH 


IK 


IH 


IH 


IH 


IM 


IK 


IH 


W 


IH 


e2H 


73 


83 Vi 


69H 


83H 


96H 


78M 


SSH 


97K 


117H 


112K 


135 


niH 


21 


21 


21 


25 


25 


25 


29 


29 


29 


29 


34 


34 


39 


2H 


2H 


2H 


3 


3 


3 


4 


4 


4 


4 


5 


5 


6 


10 


10 


10 


12 


12 


12 


16 


16 


16 


16 


18 


18 


22 


7' 3' 


8'1' 


9'0' 


8' 2' 


9' 4' 


10' 5* 


9' 2* 


10' 1' 


10' 10» 


12' 5* 


13' 5» 


15' 3' 


13' 10' 


8' 9*' 


9'7» 


10' 5' 


9' 7* 


10' 8' 


11' 10' 


10' 8» 


11' 7* 


12' 4* 


14' 0' 


14' 4' 


14' 2* 


13' 8' 


3'6» 


3' 5* 


3' 5' 


3' 10' 


3' 10' 


3' 10' 


4'3» 


4' 3* 


4' 3' 


4' 3* 


4' 11' 


4' 11' 


6' 6* 


2500 


2800 


2900 


3800 


4000 


4400 


5000 


5500 


5800 


6300 


7200 


11000 


14000 


2600 


2900 


3200 


4100 


4300 


4700 


5500 


6000 


6500 


7200 


10000 


12000 


14000 


322 


350 


378 


490 


540 


575 


660 


708 


750 


840 


1190 


1300 


1430 


356 


390 


420 


545 


598 


637 


730 


785 


830 


938 


1320 


1420 


1610 



In the former the feed water cbculates through the tubes and is surrounded by the 
through the tubes and the feed water (surrounding the tubes) is carried through the 
The shell is usually of cast iron and brass or copper tubes are almost always used. 
270 regarding prices, and estimation and selection of heater. In making comparisons, 
prie«9, 
present. 
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272. General Rules For Selecting Exhaust Steam Feed- 
Water Heaters are: Use an open heater whenever poBsible 
on account of itB greater efficiency as a heater and purifier 
and ease of cleaning. It cannot be used: (1) When the 
feed<oater in the heater must be under a pressure of more than 

about 51b. persq. in, (2) When 
the steam used for heating is ex- 
hausted under a vacuum as in 
condensing operation. (3) 
, When the feed-water must be kept 
entirely free of oil. (4) When the 
feed-water heater is connected to 
the feed pump between the pump 
and the boilers. Under any of 
the four conditions listed aclosed 
heater must be used. 

Note. — The Epfectivbnbss Op An 
Open Febi>-Wateb Heater As A 
PuRiFiBB depeada not alone upon the 
area of beating surface which it con- 
tains, but also upon its volume of 
water-aton^e capacity. Storage ca- 
pacity is variable to a greater extent 
than ia heating surface. K the water 
is hard, purification is desirable. The 
longer the water remains in the heater, 
the more thorough will be the pre- 

Fia. ML— The National Cm] Type ciP'totJon. Hence, a. Utger Water- 
Closed Peed-Water Heater. storage space is required than would 
otherwise be necessary. On the other 
hand, the heater may be used in a surface-condensing plant, where 
the condenaate, which is usually free from scale-forming impurities is 
used as feed water. Then, if there is a fairly uniform load, the con- 
densate is delivered to the heater at a uniform rate, and only Euch 
volume of water need be carried in storage as will insure a steady supply 
to the feed-pump. 

273. Closed Exhaust-Steam Feed-Water Heaters May Be 
Grouped Into Two Classes: (1) Waler-tube heaths (Fig. 241) 
in which the feed-water passes through a set of brass or copper 
tubes which are surrounded by the exhaust steam. (2) 
Steam-tube healers (Fig. 242) in which the exhaust steam 
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Fio. 243.— DiBciam 01 ParslleWCur- 
rent Return-Flow CloKd Feed-WstH 
Heater. 



" (Hirfer riim) ' [5ttam Flow) 

Fro. 24S.— Ctoh Sectiou Of Blake-Knowlea Heater (Fig. 220) Sho?riiis Multi-Flow 
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passes through a set of braes or copper tubes which are sur- 
rounded by the feed water. 

Note. — Closed teed-water heaters may be designed so that {Fig. 243) 
the water and steam flow in the same direction, or (Fig. 244) in opposite 
directions. In the first case, the heater is called a paraUd-current healer. 
Id the second case it is called a 
counler-current heater. It the 
heater is so built that the water 
flows straight through, it is called 
a Hngle-flow heater. If the water 
flows back and forth through the 
tubes a number of times (Figs. 220 
and 245) it is called a miUti~flow 
healer. If the water flows through 
coiled tubes (Fig. 241) it is called 
a coil heater. If the water is forced 
across the heating surface in a thin 
sheet or film it is called a JUm 

274. The Tubes la A Closed 
Feed-Water Heater May Be 
Either Straight (Fig. 220) Or 
Spirally Corrugated (Fig. 
246). It is claimed for the 
corrugated construction that 
the spiral flow of the water 




Fto. 246— End Of Copper Corru- 


FiQ. 247,— Sehutte snd Koertjng Ver- 


■stcd Tube In WBinwri»ht Cloaed Teed- 


tical StrBight-Tube Cloaed Hentet— Multi- 


Wster He»Ur. 


Plow Type, 



through the tubes increases the contact pressure between 
the water and the tube surface, thereby facilitating the heatr 
transmission. It is also claimed that the spiral currents of 
water tend to scour the surfaces and prevent the accumulation 
of scale thereon. 
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276. A Corrugated Heatei-Tube Gives Greater Heating 
Surface, for a given water volume, tiian does an uncomi- 
gatcd tube. Furtlier advantages claimed for corrugated 
tubes (Fig. 246) are: they give a higher rate of conduction 
per unit length than smooth tubes, the corrugations take 
up all heat strains making more rigid construction of the 
heater possible. Corrugated tubes, it is claimed, are prefer- 
able where the range of temperature of the water, between 
inlet and outlet, ie extreme, or where the velocity of the water 
through the heater is very high. 

Note. — Whbn Straight Ukcorrociatbd Tubes Are Used In Ci/ibed 

Heatbbs, a floating head arrangement (H, Fig. 247) is usually used to allow 



for ejtpansion in the tubes. Where the tubes are bent (Fig. 242) or 
coiled (Fig. 241) this feature is unnecessary as the tubes are free to 
expand and contract without straining the supporting head. Methods 
of connecting and supporting coiled tubes are shown in Figs. 248 and 248. 

276. Steam-Tube Closed Feed-Water Heaters (Fig. 242) 
are designed for service where a varying demand for steam 
necessitates very irregular feeding of the boilers. This condi- 
tion might exist where the ateam-using apparatus which 
supply the exhaust steam for heating the water are operated 
intermittently. By sending the steam, instead of the water, , 
through the tubes, the space surrounding the tubes is available 
for storage of a comparatively large volume of heated water 
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during the intervals . when the feed-valve is closed. The 
water stored in the heater may then absorb the heat from 
the intermittent deliveries of exhaust steam. 

Note. — An Intbrmittbkt 1>£livert Op Exbaust Stbam To The 
Fbbd-Wateb Heatbr might occur in a plant where hydrauLc-elevator 
pumps, or the engines [or operating trip-hammers, cotton compresses, 
or in eimilar irregular service, are depended upon for supplying the ateam. 

277. To Compute The Tube Heatii^-Suiface Required For 
A Closed Exhaust-Steam Feed-Water Heater, use the follow- 
ing formula : 

Wherein A/ = the total heating surface of the tubes, in square 
feet. W/ = the weight of feed 
water to be heated, in pounds 
per hour. T/i = the tempera^ 
ture of the water entering the 
heater, in degrees Fahrenheit. 
Tfi = the temperature of the 
water leaving the heater, in de- 
grees Fahrenheit. Tf, = the 
temperature of the exhaust 
steam in degrees Fahrenheit. 
V = the coefficient of heat- 
transfer for the surface, in 
British thermal units per hour 
per square foot per degree tem- 

,.SvZ^'cSZ;Mt;.' !>«■■>»>■■« difference as given in 

TranatBr Throuab Tuba Of Cloeed Table 278. 
Feed-Water Heaters. 

Note. — The Cobppicient Of Heat Transfer In Cwisbd Heaters 
Varies Within Wide Liuits. It depends mainly upon the thickness 
and composition of the conducting wall, the disposition of the heatii^- 
surface, the water velocity through the heater (F^. 250) and upon the 
conditions under which the heater is operated. It may range from 160 to 
1000 or more. The first of these values may be obtained with a steel- 
tube heater in which the water-velocity is low. The second may be 
realized with corrugated braas-tube heaters, of the film type, in which 
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the water-velocity is very high. The values given in Table 278 are for 
commercial designs 

EbLAJCPLB. — A closed exhaustnsteam feed-water heater is required to 
heat 10,000 lb. of feed-water per hr. from 60 to 196 deg. fahr. with steam 
at 212 deg. fahr. The heater is to be of the multi-flow corrugated brass- 
tube type. What should be the area of the tubing? 

Solution:— By Table 278 U = 400. Hence, by For. (81) A/ = W/ 
(Tf, - Tf,)/(U{Tf. - }4lTf^ + TfM) - 10,000 X (196 - 60)/ 
(400(212 - >^[60 + 196]}) = 40.5 sq.ft. 

Note. — Increasing the velocity of the water passing through a heater 
increases (Fig. 250) the coefficient of heat transmission. In order to 
realize the possible maximum feed-water temperature, and at the same 
time use a moderately high velocity of flow, the tubes should be as 
long as is feasible, and of small diameter. 

278. Table Showing Average Coeflicients Of Heat Trans- 
mission In Closed Feed-Water Heaters (Gebhardt) . 



Type of heater 


Average coefficient 

of heat-transfer = 

U, For. (81) 


Sinele-flow, steel water-tube 


150 


Sinele-flow, plain brass water-tube 


200 


Sinorle-flow. corrusated brass water-tube 


300 


Sniral coil, nlain brass water-tube 


350 to 700 


Multi-flow, plain brass water-tube 


350 


Multi-flow, corruffated brass water-tube 


400 


Multi-flow, plain brass water-tube, with retarders 
Film, corrueated water-tubes 


450 
600 


Multi-flow, iron steam-tube 


100 to 225 


Multi-flow, brass steam-tube 


200 to 450 


Multi-flow, coDoer steam-tube 


220 to 475 







279. Closed Exhaust-Steam Feed-Water Heaters Are 
Sometimes Rated In Terms Of Heater Horsepower. — By 

using For. (81) it can be shown that one square foot of heater 
surface will suffice to heat 103.5 lb. of water per hr. from 60 
deg. fahr. to 194 deg. fahr., with a coefficient of heat transfer 
(Sec. 277) of about 165 B.t.u. per sq. ft. per hour per deg. 
difference in temperature. On the above outlined basis and 
on the assumption that 34.5 lb. of feed water is required per 
boiler horse-power per hour, a closed heater will supply 
103.5 -r 34.5 = 3 boiler horse power per sq. ft. of heating 
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surface. Hence: 1 -^ 3 = H SQ- ^t. of beater surface is 
sometimes allowed per boiler horsepower. 

Note. — Dohblb Heater Inbtau,ationb (Fig. 2S1) are ueed in large 
power plants which are operated continuously. These consist of two 
separate feed-water heaters which are bo connected as to receive exbsuat 
steam from a common exhaust pipe and water from a common water- 
supply pipe. With an installation of this kind, one heater may be cut 



FlQ. 2S1. — A Doable HeaUr Installs tkiii, 

out ot service for cleaning or inspection while the other continuea to 
supply hot water for the boilers. 

280. The RelatiTe Advantages And Disadvantages Of 
Open And Closed Feed-Water Heater may (See Gebkardt's 
Steam Power Plant Engineering) be summed up as follows: 
(1) With an open heater the water may be heated to the temperature 
of the exhaust steam. With a cU>sed heater the possible maximum 
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temperature of the feed-water will always be less than the temper- 
oiure of the exhaust steam. (2) Ordinarily, the pressure in 
an open heater is hut slightly in excess of atmospheric pressure. 
Ordinarily y the pressure of the water in a closed heater is some- 
what in excess of boiler pressure. (3) An open heater is liable 
to rupture by the building up of a back-pressure, due to sticking 
of the back-pressure valves. A closed heater is buiU to with- 
stand any pressure which is likely to occur. (4) Oil in the exhaust 
steam may contaminate the feed-water in an open heater. Oil 
cannot enter the feed-water from the exhaust steam in a closed 
heater. (5) Scale and other impurities precipitated in an open 
heater are readily removed. It is difficult to remove scale from a 
closed heater. If the feed water contains a high content of 
scale-forming impurities, then, usually, the open heater is the 
preferable and in some cases the only permissible type. (6) 
An open heater must be located above the pump suction. The 
feed pump must be between the heater and the boiler. A dosed 
heater may be located anywhere between the feed pump and the 
boilers. (7) Where the water is taken from a natural source of 
supply, two pumps are necessary with an open heater. With a 
closed heater only one pump is required in any case. (8) With 
an open heater the feed pump handles hot water. With a closed 
heater the feed pump handles cool water. (9) An open heater 
cannot be installed in the exhaust line from a condensing engine 
as can a closed heater. (10) The returns from a heating system 
cannot be delivered directly to a closed heater as to an open 
heater. 

281. In The Installation Of An Open Feed-Water Heater 
the following general directions should be observed. 

Directions. — (1) Locate the heater so that it may be conveniently 
piped to the source at the exhaust-steam supply and will be, at the same 
time, as close as possible to the boilers. 

(2) Set the heater plumb on a substantial foimdation (Fig. 230) of 
proper height to bring the hot-water outlet to the feed-pump at least 
4 ft. above the discharge-valve deck of the pump. 

(3) Locate the feed-pump (Fig. 228) as close as possible to the heater. 
Also, run the suction pipe, of a size equal to the outlet orifice of the 
heater, as directly as possible. If the pump must be located at some 
distance from the heater, or the suction connection must be made with 
a number of sharp turns, either the suction pipe should be of larger 
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valve does not close tightly after blowing off or if it " simmere" 
instead of blowing, it usually means that the seat or valve 
is in bad condition or that the adjusting ring is bo far from 
the proper position that the valve is "out of control," 

286. To Get The Most Effective Service F^in A Feed- 
Water Heater, It Must Be Cleaned at regular and frequent 
intervals. Local conditions must, in every case, determine 
the frequency of the cleanings. But in no case should the 
heater be operated longer than a month without cleaning. 

286. Live-Steam Heaters And Purifiers (Fig. 239) are 
intended, primarily, to purify the feed-water. Tbey are 



Fia. 2S3.— Hoppee IJvc-Stean 
HeAt«. (When the purifier ii 
through DonDection F in order that air and non.CDndensabte fases liberated from the 
leed-water may be rpmaved from the purifier. > 

installed (Fig. 252) where the feed-water contains scale- 
forming elements, as the sulphates of lime and magnesia, 
which precipitate at much higher temperatures than are 
obtainable in open exhaust-steam heaters. 

Note. — All Of The Scale-Forming lupmUTiES DisaoLVED In A 
Febd-Water May Usually Be Pbecipitatbd In A Livb-Steam Puri- 
riEB if the water is properly pre-heated; see the author's Steam Boilers. 
The sulphates of lime and magnesia precipitate at temperatures above 
250 deg. fahr. The carbonates precipitate at a much lower temperature. 
It is claimed that 80 per cent, of the sulphates will, at a temperature of 
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250 deg. fahr., be deposited in a live-steam purifier. Also, that at a 

temperature of 300 deg. fahr., all of the sulphates will be deposited in the 

purifier. 

QUESTIONS ON DIVISION 7 

I. What are the three principal reasons why a feed-water heater should be used? 

S. Give an approximate rule for estimating the saving due to heating feed-water. 
Give an approximate rule for estimating the increase in boiler capacity due to feed- 
water heating. 

8. How does a feed- water heater protect a boiler from undue strains in the seams? 
Give an estimated value for heat strains in boiler plates caused by cold water in a 
boiler. 

4. What is an open heaterf A doaed heatert An atmoipheric heatert A vacuum 
heaterf 

5. What kind of heaters are used as primary hetUersf How are they connected to 
other equipment? What are the approximate temperatiures in a primary heater with 
good condenser action? What condition of the condenser and cooling water makes the 
use of a primary heater advisable? 

6. What is a secondary heater? How is it connected to the primary heater. What 
are the average temperatiures for an open atmospheric heater steam supply and water 
outlet? 

7. What is an indiiction heaterf A through heatert How is each piped? 

8. What operating condition governs the temperature of the exhaust steam available 
for use in a heater? 

9. Why is the feed-water temperature obtained with a closed heater ordinarily lower 
than that obtained with an open heater? 

10. What functions are performed by an ordinary exhaust-steam feed-water heater? 
Describe the operation of an open heater in detail. 

II. Name several scale-forming impurities that may be precipitated in an open 
heater. 

15. Why is all oil objectionable in feed- water? Why is cheap oil likely to be especially 
objectionable? 

18. What common dissolved gases are objectionable in feed water? Why? 
14. What is a water-tube heatert A eieamrtvbe heatert A paraUd-current heatert 
A eounter-current heatert A single-flow heatert A muUiflow heatert 
18. What is a coU heatert A film heatert 

16. What advantages are claimed for spirally corrugated heater-tubes? 

17. For what classes of service are steam-tube heaters particularly adapted? Why? 

18. What is the basis of the heater horsepowert 

19. What is a double- heater installation? 

50. What are the relative advantages and disadvantages of open and closed heaters? 

51. What is a live-steam purifier? 

SS. What per cent, of the exhaust steam from a non-condensing engine does a feed- 
water heater ordinarily consume in heating the feed for the engine boilers. 

SS. How does the volume of an open feed- water heater afifect its efBiciency as a purifier? 

S4. Give a few general directions for the installation of an open feed-water heater. 

S8. Give a few directions for preparing an open heater for service and keeping it 
working properly. 

86. Why should an oil separator usually be installed in the steam line to an open 
heater? 

PROBLEMS ON DIVISION 7 

1. Water at a temperature of 90 deg. fahr. is available for feeding the boilers in a 
power plant. The main engine runs condensing. It develops 500 h.p. on a steam- 
consumption of 20 lb. per h.p. per hr. The steam consumption of the auxiliaries is 
about 11 per cent, of that of the main engine. If the exhaust from the auxiliaries is 
condensed in an open atmospheric heater, what will be the temperature of the feed- 
water as delivered to the boilers? 
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S. A boiler generates steam at a pressure of 150 lb. per sq. in., gage. The water which 
is fed to the boiler is preheated with exhaust steam from 60 deg. fahr. to 210 deg. fahr. 
What saying of fuel results from thus utilizing the exhaust steam? 

S. The coal consumption of a set of boilers is 5 tons per day. The feed-water is 
delivered at a temperature of 150 deg. fahr. It is estimated that by using a quantity 
of exhaust steam which is now going to waste, the feed-water may be delivered at a tem- 
perature of 212 deg. fahr. The average steam pressure is 125 lb. per sq. in., gage. The 
fuel costs $3.50 per ton. The plant operates 300 days per year. It will cost about 
$300 to improve the present heating equipment. The rate of interest on the invest- 
ment is 6 per cent, per annum. The assumed rate of depreciation is 6.0 per cent, per 
annum. It will probably cost $4 per month to maintain and operate the apparatus. 
What will be the probable annual net saving? 

4. A closed exhaust-steam feed-water heater is required to heat 15,000 lb. of feed 
water per hr. from 70 to 200 deg. fahr. with steam at 220 deg. fahr. The heater is to 
be of the multiflow plain brass water-tube tjrpe. What should be the area of the tubing? 

5. If an open heater heats 16,000 lb. per hr. of feed-water from 40 deg. fahr. to 205 
deg. fahr. with steam at 212 deg. fahr.. what wdght of steam does it condense? 



DIVISION 8 

FITEL ECONOMIZERS 

287. A Fuel Economizer (Fig. 253) is an apparatus in which 
boiler feed-water is preheated by the combustion gases (Table 
288) which are discharged from boiler-settings. The econo- 
mizer is interposed in the path of the gases between the boiler 
and the chimney. 



FiQ. 2E3. — An Economiier FunitioiiH To Raise The Temperature Of The Peed W»t«r. 

288. Table Showii^ The Percentage Of The Heat Of 
The Fuel Which Is Present In The Gases Of Combustion As 
They Leave The Boiler (Green Economizer Co.).~-Column A 
is based on an air supply of 18 lb., per pound of combustible. 
This represents average underfeed stoker operation with 
forced draft. Column B is based on an air supply of 24 lb., 
per pound of combustible. This represents average overfeed 
or natural-draft stoker operation. Column C is based on an 
air supply of 30 lb., per pound of combustible. This represents 
average operation with hand firing and natural draft. 
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Flue-gae temperature 


Per cent, of heat of fuel in 


flue gasea 


in deg. fahr. 


A 


B 


C 


300 






12.4 


3S0 




12.0 


14.9 


400 




14.0 


17.4 


460 


12.2 


16.1 


20.0 


600 


13.8 


18.2 


22.6 


660 


15.4 


20.3 


25.2 


600 


17.0 


22.4 


27.8 


650 


18.6 


24-4 


30.4 


700 


20.1 


26.5 




760 


21.7 






800 


23.2 







NoTB. — Thb Heat Which Ib Utilized In An Ecokomizer Dobs 
Not Represent A Clear Gain (Fig. 254). To compensate for the Iob8 
of natural draft, which reeutts from lowering the chimney temperature, 
it is generally necessary to install a system of artificial draft. This 
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■ Loseea In Power Plant Operal 



entails an extra expense for draft equipment, and for the subsequent 
operation and maintenance thereof. However, it is often profitable 
to install an economizer in a plant of greater capacity than about 500 
boiler horse power. 

289. There Are Two General Types Of Fuel Economizeis : 

(1) The independenl type {Figs. 255 and 256). (2) The integral 
type (Figs. 257 and 258). The first is located apart from the 
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Fia. 255. — An Indeptndsat FuBl-EBOnamiisr. (GreeD Bamomiiei Co.) 
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boiler setting. The second is located within the boiler setting. 
Thus, it practically formB an integral part of the boiler 
structure. 



Fia. 2(i7.— Hi«h- And Low-Preeaure EconomiieiB. (Kuisu City lifht And PowerCo.) 

290. An Independent Economizer (Fig. 255) consists, 
essentially, of a double series of cast-iron headers, or mani- 
folds (Fig. 259) which are connected together by vertical 
tubes. The tubes are commonly made of cast-iron. Their 
usual dimensions are 4%Q-in. diameter and 9- to 12-ft. length. 
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The water, which is discharged by the boiler feed-pump, 
paeaeB through the headers and tubes of the economizer before 
it enters the boiler. The hot gases, which flow from the 
boiler-setting to the chimney, pass (Figs. 260 and 261) through 
the spaces between the economizer tubes. The heat in the 
gases is thereby transmitted to the feed-water. 



Fia. 2SS.— BuleiihauB 

Note. — Economizek-Tubbs Mat Be Abbanobd In Eitheb Straight 
Ok STAGaERBD Ro*B. The etaggered arrangement (Fig. 261) affords 
the greater facility for heat-transfer from the gases. The straight 
arrangement (Fig. 260) offers the least obstruction to the draft. Thus 
the advantage of either anangement is apparently offset by the dis- 
advantage of the other. 

291. Integral Economizers are designed to withstand either 
h^h pressures or low pressures. High-pressure integral econo- 
mizers are so located (Figs. 257 and 258) as to receive the 
gases directly ae they issue from contact with the boiler but- 



STEAM POWER PLANT AUXILIARIES 



S9. — ConitnuitioD Of HeadBn And Tubca Of Sturtevant EconomiHT And 
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faces. These economizers are, therefore, built with wrought 
iron or steel tubes and drums. Low-pressure integral econo- 
mizers are so located (Fig. 257) as to receive the gases at a 
comparatively low temperature. Hence, these economizers 
are usually built, similarly to the independent type of econo- 
mizer (Sec. 289), with cast-iron tubes and headers. 

292. Certain Advantages And Disadvantages Attend The 
Use Of Cast-iron, Wrought Iron And Steel In Economizer 
Construction (Sees. 290 and 291). — Cast-iron tubes and headers 
are less susceptible to corrosion than are those which are made 
of wrought iron or steel. But the liability of cast-iron tubes 
and headers to fail under the stresses of expansion and con- 
traction, and pressure is by far the greater. 

Note. — Corrosion Op Economizers may be due, internally, to an 
acid property of the feed-water. Externally it may be due to sulphurous 
acid or dilute sulphuric acid which are formed by the action of moisture 
and SO2 in the sooty deposits on the tubes. The moisture may come 
from leaky joints, or it may be due to a sweated condition of the tubes. 

Sweating Of Economizer-Tubes occurs when the temperature of the 
metal falls below the dew-point of the combustion gases. This condition 
will generally result when water at a temperature less than about 130 deg. 
fahr. is pumped through the economizer. Certain economizer manufac- 
turers recommend that the entering feed-water temperature should 
be at least 90 to 100 deg. fahr. If the available feed water is colder, a 
by-pass may be arranged to pass some hot water into the feed line. 

293. Cleanliness Of The Tube -Surfaces, Both Inside and 
Outside, Is Essential To The Effectiveness Of A Fuel Econo- 
mizer. — The soot which is mingled with combustion-gases 
adheres very readily to economizer-tubes. This is due to the 
comparatively low temperature of the tubes. Soot is an excep- 
tionally poor heat-conductor. Hence the urgent necessity for 
its removal from the tubes is apparent. 

294. Two Methods Are Available For Removing Soot From 
Economizer-Tubes: (1) Scraping. (2) Blowing. The scrap- 
ing-method (Figs. 255 and 262) is the more conunonly used. 

Explanation. — Economizer-tube scrapers (Fig. 263) are in the form of 
sleeves which encircle the tubes. These sleeves are caused to traverse 
the tubeS) from end to end, by means (Figs. 255 and 262; of a geared 
mechanism. The soot, which is scraped off by the beveled edges of the 
sleeves, falls into a pit beneath the economizer. It is then removed 
17 
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through clean-out doore. Or, the eoot may drop into a pit (Fig. 365) 
whence it is conveyed away through a pipe. 

Notes. — Econouizbb Soot-Blowbrs (Fig. 264) are of the same type 
as those which are used with water-tube boilers. These blowers are 



Fia. 263, — Mechuiiuii For Ai 
or Trftvel 0( 8»t-Scnp«n On "Green" Fuel- EoonDiniKT-Tubea. 

EoonomiKTB. Berel-Oeu PiniODS fii And Bi 
Ate Loom On Shaft S. 

described in the author's Stbam Boilers. It is claimed that th«7 
remove the soot entirely from the tube-eurfaceB, With the use of 
sleeve-scrapeiB (Fig. 263) a thin, compact, film of soot may constantly 
remain on the surfaces. 



7ia. 264. — " Oreea" Fuel-EooDomiier Equipped With Vutcui Soot Blowen. 

The Power Extbnded In The Operation Or Economizbr-Tubb 
Scrapers may be approxiinately 1 h.p. per 1000 sq. ft. of economizer 
surface. 

The Steam-Consumption Of A Soot-Blowino Stbtem depends upon 
the size of the system and the time-interval during which it must be used 
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to effectually remove the soot. A system consisting of six blower-unita, 
each fitted with 38 nozzles, will consume 2600 lb. of steam during a blow- 
ing period of six minutes (Power House; July 5, 1010, p. 272). 

296. Deposits Of Scale And Sediment In Bconomizer -Tubes 
Are Detrimental To Economy (Fig. 265).— Where the feed- 
water contains scale- and mud-forming impurities, the econo- 
mizer should be frequently blown down. Also, the tubes 
should be washed out, as often as is necessary, with a hose. 
Formation of hard scale may, by these means, be prevented. 



omiier Tub« Were Clean And When They Were LiDed With Scale. Graph A-A 
Shows CoDaumpdon When Tubs Are Lined With BobIs. A'-A' Is The Avenge Of 
A-A. Graph B-B ResulU When Tubes Are Clean, fl'-fl' la The Average of B-B. 

Note. — Scale Dobs Not Form As Readily In Economizers As 
In Boilers. ThL'S is due to the lower temperature of the water in 
ecoRomizers. The temperature is, however, usually high enough to 
cause precipitation of sedimental impurities. The comparatively-low 
velocity of the water-flow in an economizer facilitates such precipitation. 
Hence the sediment readily settles into the bottom headere, whence it 
may be blown out through the blow-off valves. 

296. An Economizer Should Be Fitted With Instruments 
For Showing The Combustion-Gaa And Feed-Water Tem- 
peratures (Table 301). — Thermometers should be inserted in 
the feed-water connections to the economizer, both at inlet 
and outlet. Also, a pyrometer should be inserted, at each 
end of the economizer, in the path of the combustion^ases. 
These instruments afFord a ready means for checking the 
performance of the economizer. 

Explanation.— Suppose the instruments were to show a steady 
increase, above normal, of the flue^as temperature at exit from the 
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economizer, while the temperature of the outgoing feed water steadily 
decreases. This condition would probably indicate that the heat is 
excluded) by a steadily increasing coating of soot, from the tube surfaces. 

297. Infiltration Of Air Through The Setting Of An Econo- 
mizer Is Detrimental To Economy. — Cool air, passing in through 
crevices in the setting, will mingle with the current of combus- 
tion gases. The air will thereby absorb heat from the gases. 
Hence the quantity of heat delivered to the water, flowing 
through the economizer, will be diminished. 

Note. — Leakage of air into an economizer setting may occur where the 
tubes are cleaned with scrapers. The openings through which the 
scraper-chains pass may afford ready ingress for air. This difficulty does 
not attend the use of blowers. 

298. Excessive Leakage Of Air Into An Economizer Setting 
May Be Detected By Observing The CO 2 Drop Through The 
Economizer. — A drop of about 2 per cent, may reasonably be 
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Lbof Waste Gas per Lb. of Cowl 

FiQ. 266. — Chart Showing The Pounds Of Gas Per Pound Of Illinois Coal CorreBponding 
To Percentages Of COt. {Power Plant Engineering, Apr. 1, 1910.) 

expected. When this percentage of drop is exceeded, the 
leakage of air is probably excessive. 

Example. — The combustion-gases, passing from a boiler, have a 
temperature of 600 deg. fahr. and contain 10 per cent, of COs as they 
enter an economizer. As they leave the economizer, due to infiltration 
of air, the gases have a temperature of 300 deg. fahr. and contain 6 per 
cent, of COj. The outside-air temperature is 70 deg. fahr. The specific 
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heat of the gaSes - 0.24. It is Bssumed (Fig. 266) that 1 lb. of coal 
yields 15.5 lb. of combustion gases when the COi amounts to 10 per cent., 
and 26 lb. of gases when the COj amounts to 6 per cent. What is the 
percentage of heat-loss? 

S01.TJTION.— The heat, above 70 deg. fahr., which is contained in the gases 
as they enter the economizer = (600 - 70} X 15.5 X 0.24 = 1,971.6 
B.(.M. per lb. of coal burned on the grate. The inJUlration of air amoitnis to 
26 — 15.5 = 10.5 Ih. per lb. of coal bumfd. The heat required to raise the 
temperature of the infUlered air to 300 dcfl. fahr. - (300 - 70) X 10.5 X 
0.24 = 579,6 B.l.u. per lb. of coat burned. Hence, the percentage of 
Aeoi-fogg = (579 + 1971.fi) X 100 = 29.4 per cent. 

299. The Draft-Pressure Drop Through An Economizer 
(Fig. 267) depends upon the arrangement (Sec. 290) of the 
economizer-tubes, the velocity of the gases, and, perhaps, 
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upon conditions peculiar to each installation. It may (Fig. 
268) vary from 0.15 to more than 0.3 in, of water column. 
The frictional resistance of the tubes is directly proportional 
to the length of the economizer and to the square of the 
velocity of the gases. 

Note. — Economizers Qenerallt Prove Unprofttablb Wherb 
Chiunetb Abe Alone Depended Upon To Create Draft pREBBttRB. 
Cooling of the flue gases (Table 300) by the economizer diminishea the 
draft-producing efFeotiveness of the gases. In addition to the reduction 
of natural draft, due to this cause, there is the loss of draft-pressure due 
to pushing the gases against the frictional resistance of the economizer. 
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The cost of the additional chimney-height, necessary to compensate for 
these deficiencies, will often more than offset the possible gain due to 
heating the feed-water. 

Artificial Draft Is Generally Used With Economizer Instal- 
lations. The draft may be either forced (Fig. 269) or induced. Sys- 
tems of artificial draft are illustrated and described in the author's 
Steam Boilers. 



300. Table Showing Height Of Water Column Due To 
Unbalanced Presstures In Chimney 100 Feet High. Tempera- 
tures are in degrees Fahrenheit. 



Temperature 

• 


Temperature of external air. (Barometer 14.7 lb.) 


m 
chimney 


0° 


10° 


20° 


30° 


40° 


50° 


60° 


70° 


80° 


90° 


100° 


200° 


.453 


.419 


.384 


.353 


.321 


.292 


.263 


.234 


.209 


.182 


.157 


220 


.488 


.453 


.419 


.388 


.355 


.326 


.298 


.269 


.244 


.217 


.192 


240 


.520 


.488 


.451 


.421 


.388 


.359 


.330 


.301 


.276 


.250 


.225 


260 


.555 


.528 


.484 


.453 


.420 


.392 


.363 


.334 


.309 


.282 


.257 


280 


.584 


.549 


.515 


.482 


.451 


.422 


.394 


.365 


.340 


.313 


.288 


300 


.611 


.576 


.541 


.511 


.478 


.449 


.420 


.392 


.367 


.340 


.315 


320 


.637 


.603 


.568 


.538 


.505 


.476 


.447 


.419 


.394 


.367 


.342 


340 


.662 


.638 


.593 


.563 


.530 


.501 


.472 


.443 


.419 


.392 


.367 


360 


.687 


.653 


.618 


.588 


.555 


.526 


.497 


.468 


.444 


.417 


.392 


380 


.710 


.676 


.641 


.611 


.578 


.549 


.520 


.492 


.467 


.440 


.415 


400 


.732 


.697 


.662 


.632 


.598 


.570 


.541 


.513 


.488 


.461 


.436 


420 


.753 


.718 


.684 


.653 


.620 


.591 


.663 


.534 


.609 


.482 


.457 


440 


.774 


.739 


.705 


.674 


.641 


.612 


.584 


.555 


.530 


.503 


.478 


460 


.793 


.758 


.724 


.694 


.660 


.632 


.603 


.574 


.549 


.522 


.497 


480 


.810 


.776 


.741 


.710 


.678 


.649 


.620 


.591 


.566 


.540 


.515 


500 


.829 


.791 


.760 


.730 


.697 


.669 


.639 


.610 


.586 


.559 


.534 
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306. The Least Temperature-Difference That Can Be 

Profitably Permitted Between The Inude And The Outside 

Of BoUer Heatii^-Surface m&y be determined, approximately, 

from the chart (Fig. 276) which has been computed for average 

conditions of boiler service. From 

{the temperature-difference so ob- 
' tained, the lowest flue-gae temper- 

' ature may be computed. The 

>- maximum amount of heating- 

j surface which a boiler should have, 

for given conditions of operation, 
may then (Fig. 277) be determined. 

Note. — If the heating-eurfftce of a 
boiler is too extensive, the temperature- 
bI Boiler difference in the last pass will be insuf- 
mdenda. ficjenj to insure effective heat-transfer. 
Example.— A set of boilers is to deliver 
steam at a pressure of 200 lb. per sq. in. The daily period of operation 
is to be 12 hr. Coal will cost S3 per t^in. What is the maximum 
amount of heating surface, consietent with economical performance, 
which each boiler should have? 



Fia. 276.— Chart Showini The 
I«ut Temp«Ature Difference Be- 
twwn The Temperature Of Gavs 
And Water Dnder Different Con- 
diUona At Wblcli Addi 
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SoLTinoN. — For a 12-hr. daily run, with coal at $3 per ton, tiie least 
temperature-difference, consistent with profitable operation of the boiler, 
is (Fig. 276) 200 d(%. fahr. The temperature of steam at a pressure of 
200 lb. per aq. in., g^e, is about 3S8 deg. fahr. Hence, the lowett tern- 
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perature of the eomtntsiion-iifuea would be (200 + 388) - 688 d«g. fahr. 
The pa-misaiUe extent of heaiing-turfaee is, therefore, (F^. 277) )Aovt JS.5 
tq. ft. per boiler h.p. 

306. The Least Temperature-DiffereQce Tbat Can Be 
Profitably Pennitted Between The Inside And The Outside 
Of Economizer Heating-Surface may be determined, ap- 
proximately, from the chart (Fig. 278) which has been com- 
puted for different conditions of 

economizer service. I^ocal con- 
ditions, peculiar to individual 
plants may, however, sometimes 
affect the accuracy of the deter- 
minations. 

Example. — A contra-flow 
(Fig. 271) is to be installed ii 

with tlie aet of boilers mentioned (Sec. p^^ ^^ Chart 

305) in the preceding example. The tern- Lout T? mpuature 

perature of the feed-water, at entrance to twesn The Tempergtuie Of Gs* 

the economizer, is to be 150 deg. fahr. 

The temperature of the entering g __ _ 

533 deg. fahr. What should be the least DividencU. <Oneii EoODDmuar 
temperature, consistent with economy, Co.) 
of the gases issuing from the economizer? 

Solution'. — For a 12-hr. daily run, with coal at S3 per ton, the least 
temperature-difference, consistent with profitable operation of the econo- 
mizer, is (Fig. 273) 90 deg. fahr. Hence, the exU-lemperature of the 
gases should le (90 + 150) = 240 deg. fahr. 

307. The Ratio Of Economizer Heating-Surface In Square 
Feet To Boiler-Horsepower usually ranges from about 4:1 
to 8:1. An extent of heating-surface, for the economizer in 
the above example, which would give a mean between these 
ratios, would probably cool the gases from the entering tem- 
perature of 588 deg. fahr. to the requisite 240 deg. fahr. at 
exit. 

ExAUPLE. — The Commonwealth Edison Co., Fisk St Station has a 
nominal boiler horse power of 1,225 per unit and an economizer surface 
of8,500sq. ft. perunit,oraratioof (8,500 + 1,225) - approximately 7,1, 

308. The Rate Of Heat-Transfer Between The Combustion- 
Gases And The Water In An Economizer is mainly conditional 
upon the rate of the gas-flow through the economizer. It may 



,m, Under Different Con 
ditioru, At WLii-h Additional Econ 
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range from about 1.5 to 5.5 B.t.u. per hr. per sq. ft. of heating 
surface per deg. of temperature-difference between the gases 
and the water. An average figure for the rate of heat transfer 
in good modem economizer installations is about 4.3 B.t.u. 
per hr. per sq. ft. per degree difference in temperature. It is 
assumed in this statement, that the heating-surface is clean, 
and that there is no air infiltration through the setting. It is 
also presumed that the flow-velocity of the water is imiform 
for various rates of heat-transfer. 

Note. — The minimum rate of heat-transfer, noted above, may occur 
with a gas-flow of about 1,300 lb. per hr. per sq. ft. of heating-surface. 
The maximum rate may occur with a unit gas-flow of about 5,000 lb. 
per hr. per sq. ft. of heating-surface. Intermediate rates of heat-transfer 
and gas-flow would be approximately proportional to these values. 

Example . — ^An economizer is required to raise the temperature of 75,000 
lb. of water per hr. through 15 deg. fahr. The average temperature- 
difference between the combustion-gases and the water is assumed to be 
200 deg. fahr. The rate of heat-transfer is assumed to be 4 B.t.u. per 
hr. per sq. ft. of heating-surface per deg. of temperature-difference be- 
tween the gases and the water. The assumed specific heat of the water = 
1.0. What is the requisite area of heating-surface? 

Solution. — The hourly transfer of heat per sq, ft, of heating surface = 
(4 X 200) = 800 B,t,u, For a temperature-rise of 15 deg. fahr., each 
pound of water must absorb (15 X 1.0) = 15 B.tu. Therefore, the 
requisite heaUng-area = (76,000 X 15) ^ 800 = 1,406 sq. ft, 

309. The Percentage Of Fuel-Saving Due To Economizer- 
Service (Fig. 279) may be computed by the following formula: 

Wherein X = per cent, of saving. T/^ = the temperature 
of the feed-water at exit from the economizer, in degrees 
Fahrenheit. T/y, = the temperature of the feed-water at 
entrance to the economizer, in degrees Fahrenheit. H = 
the total heat in the steam, above 32 deg. fahr., in B.t.u. per 
pound. 

Example. — The temperature of the feed-water entering an economizer 
is 160 deg. fahr. The exit-temperature of the water is 305 deg. fahr. 
The boiler-pressure is 200 lb. per sq. in., gage. What is the percentage 
of fuel-saving, due to the economizer service? 
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Solution. — The total heat in steam at 200 lb. presaure per eq. in., 
gage, as given in the eteam tables => 1199.2 B.Lu. per lb. By For. (S3) ; 

X = ioo(r>;, - rj.)/[(H + 32) - r"/,] - 100 x (305 - leo) -*■ 

1(1199.2 + 32) - 160] = 13.5 per cm*- 

Note. — It is commonly assumed that an economizer will effect a 
fucl-Baving of approximately 1 per cent, for each 11-deg. fahr. riee in the 
feed-water tempemture. The saving may amount to 2G per cent. 

EbiAUPLB. — A 2,0D0-horse power boiler plant runs 10 hours per day and 
300 days per year. The coal-consumption is 4.6 lb. per h.p. per hr. The 
coal costs S4 per ton. It is assumed that, with economizer-service, 13 
per cent, of the fuel would be saved. An economizer^nstallstioa would 



Pio. 276.— Diagnm Shc)wiiig Coftl Conaumption When Economiier Was Stopped Afld 
When In OperatiOD With Clean Tube*. 

cost $9,500. The annual cost of economizer-operation, -depreciation 
and -repairs would be 16 per cent, of the cost of installation. What 
would be the monetary value of the net yearly fuel-saving, due to the 
economizer-service? What percentage of the cost of the economizer- 
installation would the annual saving represent? 

SoLtmoN. — The annual exfeme for Juel = [(2,000 X 4.6 X 10 X 300) 
+ 2,000] X 4 = $55,200. The pro^pedive annual coal of economizer 
operaium, depreeUiiwn and repaira = 6,500 X 15 + 100 = $1,425. 
Hence, the prospective net annual saving vHlh economizer-aervice •= (55,200 
X 13 -=■ 100) - 1,425 = $5,751. This represents (5,751 -:- 9,500) X 
100 = 60.5 per cent, of iAe cost of the economizer-inslaUatimi. 

310. The Increase Of Steam-Generating Efficiency, Due 
To Economizer-Service may vary, according to local condi- 
tions, as follows. 
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ExAMPUQ. — When the boilers are run sUghtly above their rated 
capacity, and the heating-surface of the economizer is approximately 
equal to 60 per cent, of that of the boilers, the efficiency-increase may 
be about 6 per cent. When the boilers are run at about their rated 
capacity, with the combustion-gases entering the economizer at a 
temperature of 500 deg. fahr., and with the usual flow-velocity, the 
efficiency increase may be about 5 per cent. 

Example. — When the inherent economy of the boilers is good, due to 
excellence of design, both of boilers and settings, and the boilers are run 
at 200 per cent, of their rated capacity, the efficiency-increase may be 
10 per cent. This percentage of increase is based on a temperature of 
600 deg. fahr. and a flow-velocity of from 1,800 to 2,000 ft. per min. for 
the gases entering the economizer. Also, the economizer heating-eurface 
is presumed to equal 70 per cent, of the boiler heating-surface. 

Example. — When the inherent economy of the boilers is poor, due to 
defective design, both of boilers and settings, and the boilers are run at 
less than their rated capacity, the efficiency-increase may be nil; there 
may, under such conditions, be an actual decrease in overall efficiency. 

311. The Principal Advantages Of Economizer Service are : 

(1) Fuel-saving, The saving may amount to from 5 to over 
18 per cent. (2) Increased boiler-efficiency. Where the boilers 
are operated at over 200 per cent, of their nominal rating, and 
the supply of exhaust steam for heating the feed-water is scant, 
due to the auxiliaries being electrically driven, the increase of 
efl&ciency may be considerable. (3) Diminished contraction 
stresses in steam boilers. This results from the high feed-water 
temperature which is attainable with the economizer. (4) 
Increased fleodbility of boiler operation. This results from the 
storage-space which the economizer affords. The large quan- 
tity of hot water in the economizer is instantly available for 
use in the event of a sudden overload. 

312. The Principal Disadvantages Of Economizer Service 
are: (1) Expense for installation, (2) Expense for maintenance. 
This comprises, mainly, the costs of repairing and operating 
(Sec. 294) the soot-scrapers or blowers. (3) Diminished 
overall effi^ency of the plant. This may occur where the draft 
is insufficient for economizer operation, or where the boilers 
are operated below their nominal ratings. (4) Bulkiness of the 
requisite equipment. An economizer, and its appurtenances, 
as a motor- or engine-driven draft-fan, requires large floor 
space. If the economizer is erected overhead, much altera- 
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tion of piping and structural details will generally be neces- 
sary to make room for the equipment. 

313. The Conditions Which Usually Determine Whether Or 
Not Economizer Should Be Installed are chiefly as follows : 

(1) The total horse power of the plant (Sec. 309). 

(2) The flue-nas temperature. Where the temperature is above pos- 
sibly 450 to 550 deg. fahr., profit may result from using an economizer. 
The higher the temperature, the greater the saving. The flue gases 
should not be cooled below 250 deg. fahr. because the vapor in the gases 
will be condensed on the economizer tubes, especially near the exit. 
This will cause soot to adhere to the surfaces of the tubes. If the coal is 
high in sulphur content, the condensed moisture may collect sulphur 
dioxide from the gases and dilute sulphuric acid result. This corrodes 
the tubes (Sec. 292). 

(3) The boiler pressure. When the pressure is 250 lb. per sq. in., or 
over, an economizer is practically indispensable. 

(4) The character of the load. If the plant is heavily overloaded, either 
steadily or intermittently, there may be need for an economizer. Gener- 
ally a substantial saving may be reaUzed when boilers are operated well 
above their ratings for a large proportion of the time. 

(5) The feed-water temperature. Increased economy may result from 
the high temperature which may be obtained with an economizer. A 
great saving [should result in plants running condensing when motor- 
driven auxiliaries are employed. Under these conditions there is usu- 
ally insufficient exhaust steam to heat the feed-water. The economizer 
should deUver the water at a much higher temperature — much higher 
than 210 deg. fahr. which is usually the Umit for exhaust steam heaters. 
The wider the range over which the economizer heats the water, usually 
the greater is the saving. 

(6) The quantity of exhaust-steam available for heating. When feed- 
water heaters are installed and plenty of exhaust steam is available, 
which would be lost if not used in the heater, an economizer may not 
show any considerable saving. 

(7) The quality of the feed water. If the water contains impurities 
which will form scale in an economizer, then an economizer may prove 
undesirable. 

(8) The available means for supplying sufficient draft, and the cost 
thereof. Lack of building space might necessitate erection of a tall 
chinmey. Otherwise, an artificial draft equipment may be necessary. 
The cost of a tall chimney might be prohibitive. Likewise, the expendi- 
ture of from 1 to 4 per cent, of the total power output for driving the 
draft equipment (see author's Steam Boilers) might be prohibitive. 

(9) The initial cost of the economizer. When economizers are required 

to sustain pressures greater than 250 lb. per sq. in., their cost increases 

rapidly with the pressure. 
18 
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(10) The price of coal. When the price of coal is high there is more 
saving than when it is cheap, unless the cost of the economizer and its 
operation also are high in the same proportion. 

314. Economizers Should Be Inspected Periodically. 

There should be a monthly overall detail inspection. Certain 
elements may require more frequent attention. Inspection 
should cover the following details: 

(1) The external surfaces. Leaks and soot-deposits should be looked 
for. Soot should be removed. Leaks should be stopped. They cause 
corrosion and tend to produce soot- and rust-scale on the tubes. 

(2) The internal surfaces. A scale-forming tendency (Sec. 296) in 
the tubes should be looked for. If such exists, the economizer should be 
opened as frequently as practicable and the tubes washed with a hose. 

(3) The safety^alve. Corrosion between the valve and seat should be 
looked for. Also, the valve mechanism should be tested for freedom of 
movement. 

(4) The Uow-off valves. The valve discs should be examined. Like- 
wise the packing of the stems. If the packing is dry and hard, the stems 
should be repacked. The stems should work freely. 

(5) The flange-joints. Leaking joints should be repacked. Also, any 
straining e£fect on the joints, due to restraint of expansion and contrac- 
tion in the pipe-lines, should be rectified. 

(6) The soot-scrapers or blowers. The distance traveled by the scrapers 
should be noted. It should be the full length of the tubes. The blower- 
nozzles should be examined. If the nozzle-orifices have been enlarged 
by erosion, the nozzles should be renewed. 

(7) The gearing and reversing-mechanism of the soot-scrapers. Broken 
gear-teeth should be looked for. The security of bolts, pins and cotters 
should be tested. The lubrication of the bearings should be noted. 

(8) The dampers. The devices for damper-adjustment should be 
tested. 

(9) The setting. Search should be made for cracks in the masonry. 
Leakage of air around door-frames should be looked for. Suspected 
places may be tested by applying the flame of a candle or torch, with the 
stack damper open. 

(10) The soot-pits or chambers. These should be entirely emptied of 
their contents as frequently as is necessary. 

(11) The thermometers. The accuracy of the instruments should be 
noted. 

Note. — Examinations For Evidences Of Pitting On The Interior 
Surfaces Of Economizers (see the author's Steam Boilers) should be 
made annually. Facility in making these inspections may sometimes 
necessitate a partial disassembling of the economizer sections. 
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315. The Cost Of An Economizer And Its Installation is 
usually computed on the ratio of the economizer heating- 
surface to the boiler horse power. When this ratio is 5:1 the 
cost, prior to the Great War, was about $6 per boiler horse 
power. When the ratio is 4.8:1, the prewar cost, for plants 
containing 1000 boiler horse power, or more, was about $5.50 
per boiler horse power. Otherwise, the cost, regardless of 
either the size of the installation or the ratio mentioned above, 
may be based directly on the extent of economizer heating- 
surface. On this basis, a prewar cost of $1.20 per sq. ft. was 
usually assumed. Power Plant Engineering, Apr. 1, 1920, 
states that cost, including fan, motors, etc., will now average 
about $4 per sq. ft. of economizer surface. 

QUESTIONS ON DIVISION 8 

1. What is the function of a fuel-economiser? 

1. Describe an independent fuel-economizer. An integrcd fuel-'economiter. 

5. What materials are used in economizer construction? What are the relative 
advantages and disadvantages of these materials? 

4. What detrimental efifects may result from coatings of soot on economizer surfaces? 

6. In what manner do sedimental deposits in economizer-tubes afifect the economy 
of the apparatus? 

6. What physical injury may result from impurities in the water pumped through 
an economizer? 

7. Describe the operation of economizer tube scrapers. 

8. How may mineral substances in the feed-water be prevented from forming scale 
in economizer-tubes? 

9. Why does not hard scale form as readily in an economizer as in a boiler? 

10. Explain the ill-efifects of air-infiltration through an economizer-setting. 

11. How may air-infiltration through an economizer-setting be detected? 

11. How does air-infiltration affect the quality of the combustion-gases in an econo- 
mizer? What may be regarded as a reasonable drop in the percentage of CO2 in the 
gases? 

15. If a boiler plant is being operated with natural draft, what would be the probable 
effect on the draft if an economizer were installed? 

14. What is the usual method of supplying draft for boiler plants which are equipped 
with economizers? 

16. Enumerate the principal advantages of economizer service. The principal 
disadvantages. 

16. Enumerate the conditions of boiler-service which chiefly determine the advis- 
ability of installing an economizer. 

17. Enumerate the structural details and service-conditions toward which economiz- 
er-inspections should be particularly directed. 

18. Explain why economizer heating-surface is more effective in absorbing heat from 
the combustion-gases leaving a boiler than an extension of boiler heating-surface would 
be. 

19. What is a contra flow in an economizer installation? A parallel flow? Which is 
the more effective? 

10. What is the average ratio, in economizer operation in general, of the drop of 
combustion-gas temperature to the rise of feed-water temperature? Give some ex- 
amples, approximating this ratio, as observed in typical economizer-installations. 
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11. What service-condition mainly determines the extent of economiser heating- 
surface that can be profitably used? 

SS. Upon what service-condition is the rate of heat-transfer in an economiser mainly 
contingent? 

28. What percentages of increase of steam-making efficiency, for various conditions of 
boiler-service, may ordinarily be anticipated from economiser-eervice? 

PROBLEMS ON DIVISION 8 

1. The combustion-gases leaving a boiler have a temperature of 550 deg. fahr. and a 
CO) content of 12 per cent. On account of leakage of air through the setting, the gases 
leaving the economiser have a temperature of 250 deg. fahr. and a CO2 content of 8 per 
cent. The specific heat of the gases « 0.24. What percentage of the heat is lost when 
the temperature of the outside air is 50 deg. fahr.? 

1. For each 15 lb. of combustion-gases flowing through an economiser there is a 
corresponding water-flow of 8 lb. What should be the ratio of the decrease of combus- 
tion-gas temperature to the increase of feed- water temperature? 

8. A boiler is to deliver steam at a pressure of 175 lb. per sq. in., gage. The tempera- 
ture of steam at this pressure = 377.5 deg. fahr. The boiler will be run 24 hr. per day. 
Coal will cost $3.00 per ton. How much heating-surface, per boiler horsepower, 
should the boiler have in order that it may be operated economically? 

4. It is assumed that an economizer is to be installed in connection with the boiler 
mentioned in Problem 3. It is also assumed that the feed-water will enter the economis- 
er at a temperature of 200 deg. fahr. What should be the least temperature, consistent 
with economical operation, of the combustion gases at exit from the economizer? 

6. The average temperature-difference between the feed-water and the combustion- 
gases in an economizer is assumed to be 300 deg. fahr. The economizer is required to 
raise the temperature of 50,000 lb. of water per hour through 50 deg. fahr. The rate of 
heat transfer is assumed to be 5.5 B.t.u. per hr. per sq. ft. of heating surface per degree 
of temperature-difference between the gases and the water. The assumed specific heat 
of the water « 1.0. What should be the area of the economizer heating-surface? 

6. The temperature of the water entering an economizer is 110 deg. fahr. The 
temperature of the water at exit is 250 deg. fahr. The boiler-pressure is 175 lb. per sq. 
in., gage. The total heat, above 32 deg. fahr., in steam at this pressure « 1197.3 B.t.u. 
per lb. What is the percentage of fuel-saving? 

7. A 2400-hor8e power boiler plant runs 24 hr. per day and 300 days per year. The 
coal-consumption is 4.3 lb. per h.p. per hr. The coal costs $4.25 per ton. It would 
cost $12,000 to install an economizer in this plant. The annual cost of operation, 
maintenance and depreciation would amount to 15 per cent, of the cost of installation. 
Assuming that the economizer would effect a fuel-saving of 12.3 per cent., what would 
be the monetary value of the saving per year? 



DIVISION 9 



STEAM CONDENSERS 



316. A Steam Condenser As Used In Connection With A 
Steam Engine is a device for reducing exhaust steam to water. 
The purpose of a condenser is to increase the power which is 
developed by an engine from a given quantity of steam; or, 
conversely, to decrease its steam consiunption for a given 
power output. 

Note. — A Condenser Incbeasbs Engine Economy By Creating A 
Partial Vacuum in a container into which the engine discharges its 
exhaust steam. The method of creating the vacuum is to cool the ex- 
haust steam sufficiently so that 
it will condense to water, which 
occupies very much less space. 
The effect of the partial vacuum 
thus created is to give the engine 
10 to 15 lb. per sq. in. more work- 
ing pressure without any in- 
crease in boiler pressure or 
material increase in fuel con- 
sumed. Greater working pres- 
sure with a given quantity of 
steam results in greater power 
output. 

317. How A Condenser 
Increases The Working 
Pressure of a steam cyl- 
inder may be demonstrated 

. Fio. 280. — Showing The EflFect Of Vacuum 

thus: J^lg. 280 shows two Produced By Condensation On The Working 

elementary steam cylinders treasure of a steam Piston Having An Area 

. Of 1 Sq. In. 

surrounded by air at nor- 
mal atmospheric pressure. This pressure is equal to about 14.7 
lb. per sq. in. at sea level. That is, any object exposed to the 
air at sea level has 14.7-lb.-per-sq.-in. pressure exerted on it 
from all directions. Assume that a pressure of 100 lb. per sq. 
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in. as indicated by a steam gage, is exerted on the under side of 
a piston, A, of one square inch area. Then the piston will 
have a lifting force of 100 lb. There is really 114,7 lb. pressure 
pushing on the under side and 14.7 lb. on the upper, but only 
the difference, 100 lb. is effective. But, suppose the space 
above piston, B, which has the same area, is first filled with 
steam and then condensed (assuming that it will condense 
completely). Then there will be no pressure on the upper 
Bide of the piston and the whole 114.7 lb. on the lower side 
becomes effective. The piston then has a lifting force of 
114.7 lb. Thus, by condensing the steam above the piston in 
B its lifting force is increased by 14.7 lb. 

318. Power Was Developed By Condensation in Primitive 

Steam Engines. — The primitive engine of Newcomen shown in 

Fig. 281 works entirely by con- 



EsPLANATioN. — On the upstroke 
Bteam, at a little above atmospheric 
pressure, flows into the cylinder, C, 
through the valve, I, and is then 
condensed by a jet of cold water, S, 
admitted at V. The partial vacuum 
thus created allows the atmospheric 
pressure above to force the piston, 
F, down HO that power is developed 
on the downstroke. The condensed 
steam and condensing-water are 
drained out through valve, 0, while 
the piston is on the upstroke. A 
■Ra 1 ""' " weight, W, counterbalances the piston 
and is connected to a pump rod, H, 
which does the work of the engine. By alternately admitting steam 
into C and condensing it therein, rod, H, is forced to move up and down 
and thereby pump water. 

319. An Improvement Of Newcomen's Engine Was Made 
By Watt (Fig. 282) who condensed the steam in a separate 
chamber or condenser, D, with a jet of cold water. The chief 
advantage of this arrangement over the former is that in this 
the cylinder remains hot and the condenser cold so that neither 
has to be alternately heated and cooled, as with Newcomen's 
arrangement. Watt then made his engine double-acting 
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(Fig. 283) and operated the valves, /, J, and Q, by a 
system of levers. The condenser, Z>, then acted continuously 
and the condensed water had to be pumped out of the conden- 
ser. Small amounts of air also accumulated in the condenser 
and were pumped out. 



FiQ. 232.— Watt'sCoiideaBHCioiiEnfine. Fto. 2S3.— Watt'e Double-Acting Con- 

densing Engine. 

320. How The Condeaser Saves Steam may be shown by 
either of two methods: (1) By comparing the thermal effir- 
ciency of condensing and rhonrcondensing operation (Sec. 321), 
(2) By computing the ratio of mean effective pressures for con- 
densing and non-condensing operation (Sec. 322). The first 
method is based on the work dono by the steam in expanding 
and is therefore, not accurately applicable to those slide-valve 
and similar engines in which the expansion is either zero or 
small. The ideal conditions which this method assumes are 
approached in the compound Corliss engine and the steam 
turbine. The second method gives a fair estimate of the actual 
power increase effected by the condenser except that the power 
required by the condenser auxiliaries must be deducted. 

NoTE.^The relation of the power developed by a condensing engine 
to that by a, corresponding non-condensing engine is shown in Fig. 2S4. 
The area DCFE represents the increase in power due to the condenser. 
This may be compared to the power developed by the primitive con- 
densation engine (Fig. 281). The area GABCD represents the power 
developed by the engine when operating non-condcDsing. The modem 
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condensing enpne develops the sum of these amounts of power from the 
same quantity of steam, as represented by the total area QABEF. 



--LensfhOt Strokt- ■ — H 

i[ CsrdB Bbowini Diffetencw In Stesm Consumption Of 
CoDdeiuinB OpuBtioD For Equal Work Area. 

When steam is used expansively (as indicated by the curved expanaion 
line AB') a given difference in pressure below the atmospheric line 
(such as Pi, Fig. 284) represents much more power than a similar differ- 
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ence in pressure above the boiler pressure, P4. In other words, 13 lb. per 
sq. in. of vacuum in a condenser increases the power of a good engine much 
more than 13 lb. per sq. in. more boiler pressure. 

Note. — The areas in the indicator cards (Figs. 284 and 286) represent 
energy or work deUvered during one stroke of an engine but, assuming 
a constant engine speed, they also represent the proportional power 
developed. 

321. The Increase In Thermal Efficiency Effected By A 
Condenser may be estimated by the steam temperature 
relations. The greatest possible thermal efficiency of any 
heat engine is represented by the equation: 

(84) E, = ^^ ~ ^' (decimal) 

Ti 

The efficiency which this formula gives may be approximated 
by an actual engine but can never be attained. It might be 
attained only by an ideally-perfect engine. (See the author's 
Practical Heat) Wherein: E« = the greatest possible ther- 
mal efficiency of any heat engine. Ti = the absolute tempera- 
ture at which the steam is admitted. T2 = the absolute 
temperature at which the steam is exhausted. Absolute 
temperature = ^00 deg. + the temperature in deg. fahr. 

Example. — Assume an engine using saturated steam at 115 lb. per 
sq. in. abs. As shown by a steam table this steam has a temperature of 
338 deg. fahr. or 338 + 460 = 798 deg. fahr. abs. It exhausts, when 
running non-condensing, at a pressure of 16 lb. per sq. in. abs.; and, 
when running condensing at 2 lb. per sq. in. abs. These pressures, as 
shown by a steam table, correspond to 676 and 686 deg. abs. respectively. 
Hence, by For. (84), the ideal eflBciency non-condensing is: E« = (Ti — 
T2)/Ti = (798 - 676) /798 = 15.3 per cent. The ideal efficiency con- 
densing = E« = (798 - 586) /798 = 26.6 per cent. 

322. The Theoretical Saving In Power Due To The Use Of 
A Condenser may be computed by the following formula: 

(85) Saving = "^J^ (per cent.) 

Wherein: Phmv = the vacuum obtained in the condenser, in 
inches of mercury. Pm = the mean effective pressure of the 
engine running non-condensing, in lb. per sq. in. 

Note. — The saving is much more than proportional to the increase in 
working pressure of the engine. That is (Fig. 284) the saving is propor- 
tional to P9 -^ P2 not to Ps -s- Pi. The mean effective pressure is found 
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in practice by meuuriiig the area of an actual indicator diagram with a 
planimeter and dividing this ares by the length of the diagram. If this 
value (represented by Pi, Fig. 281) in multiplied by the constant of the 
q>ring used, (for instance 80 for an 80-lb. spring) the mean effective prea- 
ture in pounds per square inch, P^, For. (85), will be obtained. The 
preeeure difference due to the condenser (Pi, Fig. 284} applies evenly 
throughout the stroke and so the vacuum obtained in the condenser 
may be taken as proportional to f i if reduced also to pounds per square 
inch. The vacuum expressed in inches of mercury may be reduced to 
pounds per square inch by dividing by 2-03. The saving, then • 

(86) 100 X Jl = 100 X p_^'p3 - ^^' (per cent.) 

Example. — The boiler preo- 
sure of an engine is 100 lb. per 
3 sq. in. gage and the mean effec- 

I tive pressure of the engine run- 

u ning non-condensing is 44.6 lb. 

% per sq. in. What theoretical sav- 

* ing will result from condensing 

• operation in a 26 in. vacuum? 
S Solution.— By For. (85), the 
^ sawn? = 49 P^/P^ = 49 X 
fe 26/44.6, 28.8 per cen(. 

■■ Note. — Fig. 285 shows the 

^ effect of the condenser on en- 

8 gine economy keeping the 

■•- amount of power developed 
constant, instead of keeping 

n the amount of steam used con- 

I stant as on Fig. 284. 

£ 323. The Steam Saving 

, Due To A Condenser On 
The Basis Of Decieased 

Fro. 388.— ra««n.ni Bhowim The 8t«i» Back PressuTC may be de- 

CoMumption Of A Perfect St^mEnpne When temimcd VerV closely by 

Receivlni Bteum At Diflerent PreMurci And ■. u. I 

EihuuaUne AgainW Different Back Prwures. the USC of a Suitable graph 

(Note b,^ effe=t^of^h«h^b^».k pr™ure.^Jhe (pjg, 286). First the nOn- 

in about the Buine proportion.) (Hameon CODdensmg Steam CODSUmp- 

safety Boiler Works Citaioa.) ^jgn jg determined from the 

graph, which gives values for an ideal engine. Sunilarly the 
ideal condensing consumption is determined. Then the ratio 
of these values is apphed to the actual ateam consumption 
considered. 
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Example. — Consider an engine working at 100 lb. per eq. in. aha. with 
1 lb. per eq. in. gage back pressure, coDsuming 25 lb. of Bteam per h.p. 
hr. How much eteam will it use if operated condensing with a 26 id. 
vacuum? 

Solution. — Locale ordinate A (Fig. 28S) correaponding to 100 lb. per 
eq. ID. abe. on the lower scale and on this ordinate, find B and C corre- 
sponding to 1 lb. gage per sq. in. and 26 in. of vacuum. The correspond- 
ing ideal CDDBumptions are about 19 and 10 lb. per h.p. hr. That is, the 
ideal condensing consumption is 10/19 of the ideal non-condensing con' 
sumption. But the engine actually consumes 25 lb. per h.p, hr. when 
discharging against a 1 lb. per sq. in. back pressure. Hence, the actual 
constimption at 28 in. vacwitm - 25 X 10/19 = 13.2 lb. per k.p. hr. 

324. The Function Of A Condenser Air -Pump (P, Fig. 287) 
is to produce and maintain a vacuum in the condenser by 
removing the air which enters with the exhaust steam. The 
air may leak into the exhaust system in various ways, as 
through imperfectly-packed pipe-joints and stuffing-boxes. 
Also, it may pass into the 
boilers with the feedwater, 
and thence become entrained 
with the steam-supply to the 
engine. Air if permitted to 
collect in the condenser 
would obviously prevent the 
production of an effective 
vacuum. 

EbcPLANATioN. — Imagine a 
closed vessel to contain a perfect i^"' 28T.— DiBgrBn 
vacuum, and that a quantity of 
steam, unmixed with air or 
non-condensible vapors, be ad- 
mitted thereto. Then, if the steam be cooled to a temperature of 
110 deg. fahr., the absolute pressure in the condenser (Table 345) 
due to the presence of the still uncondensed water vapor would be 2.6 
in. of mercury. Or, referred to a 30-in. barometer a partial vacuum of 
30.0 — 2.6 = 27,4 in. of mercury would result. But if air had been 
mixed with the steam that was admitted to the vesBel, then the air of 
itaelf would exert a pressure in addition to that due to the water 
vapor and would decrease the vacuum which would otherwise obtain. 
Hence, with air in the condenser, a partial vacuum of 27.4 in. of mercury 
could not result from condensation of the steam. The degree of v 
actually obtainable would depend upon the quantity of ^r present. 



Conden 

en Of Air, WsUr And Stea. 
is of one pound o[ atesm.) 
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32t. The Power Required To Remove The Air And Water 
From A Coadeoser is, s& will be shown, relatively Bmall (Fig. 
287) compared to the power developed by the condenser: 
First estimate the power developed by 1 lb, of steam in a 
condenser under typical conditions. One pound of steam at 
an absolute pressure of 2.7 lb. per sq. in. occupies about 135 
cu. ft. The theoretical work done by the engine due to 
condensation with a vacuum of 12 lb. per sq. in., which cor- 
responds to about 2.7 lb. per sq. in. abs. then, = 135 X 144 
X 12 = 233,000 /(. Hi«. for each pound of 
steam condensed. If 126 lb. (a rather-h^h 
value) of water are required to condense 
the 1 lb. of steam, the volume of water to 
be pumped out is, since there are 63 lb. of 
water in 1 cu. ft., 2 cu. ft. The theoretical 
work done by pump C in pumping out the 
water therefore, = 2 X 144 X 12 = 3,450 
ft. lb. for each pound of steam. If the 
volume of the air at condenser pressure is 
60 per cent, of that of the water, the work 
required to remove it, = 1.2 X 144 X 12 = 
2,070 ft. lb. for each pound of steam. The 
theoretical power required to remove 
the air and water, then, = 100 (3,450 -f 
2,070) /233,000 = 2.4 per cent. In large 
plants the actual steam required to drive 
the condenser auxiliaries, when they are 
steam driven, amounts to about 1 to 3 per 
cent, of that required by the main engine. 
F.Q. a88.-Mer™ry 326. Gagcs foT Measuring Condenser 
Vacuum Gate Which Vacuum are of two principal types: (1) 
fc^^ '" KaT In ^O'ti'don tube vacuum gages. (2) Mercury 
Pounds Per Square vocuum gogcs, or manometcrs. Both types 
'■"*■ usually read in inches of mercury. The 

principle of the mercury vacuum gage (Fig. 288) is similar 
to that of the barometer (See the author's Practical Heat). 
The barometer has practically zero pressure above the mer- 
cury while with the vacuum gage the pressure to be measured 
is above the mercury. 
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Note. — Vacuum gages of both the Bourdon-tube and the mercury 
types indicate the difference in pressure between the condenser and the 
outside air; and not the absolute pressure. Therefore the absolute pres- 
sure will be different for a given vacuum gage reading under different 
weather conditions and at different altitudes. When the barometer is 
low, a condenser will, for given cooling-water supply, efficiency and other 
conditions; give less vacuum (but the same absolute pressure) than when 
the barometric pressure is high. 

327. The Absolute Pressure In A Condenser May Be 
Computed From The Reading Of The Vacuum Gage by 

applying the following formula: 

(87) Pa = ^'"'2^3^'"' (pounds per sq. in.) 

Wherein : Pa = the absolute condenser pressure, in pounds 
per square inch, Phmb = the barometer reading, in inches of 
mercury. Phmv = the vacuum-gage reading, in inches of 
mercury. 2.03 = the height, in inches, of a mercury column 
which exerts a pressure of 1 lb. per sq. in. 

Note. — K the barometer reading is corrected for. temperature, the 
vacuum gage reading should be corrected for temperature also. If both 
vacuum gage and barometer use mercury columns referred to brass scales 
the error due to neglecting temperature in this formula will not be appre- 
ciable. 

Example .—A condenser vacuum-gage reads 26 in. while the barometer 
reads 29.4 in. What is the absolute condenser pressure? What is the 
degree of vacuum, as a per cent, of that which is theoretically possible? 

Solution.— By For. (87), Pa = (Phmb - Phmv)/2m = (29.4 - 26) -J- 
2.03 = 1.67 U). per sq. in. The degree of vacuum^ as referred to that which 
is theoretically possible in this case = (26 -r 29.4) X 100 = 88.4 per cent. 

328. The Most Profitable Average Degree Of Vacuum In 
Condenser Service is approximately as follows: (1) For 
reciprocating engines j about 88 per cent, of the barometer reading. 
This corresponds to about 26.5 in. of mercury column. (2) 
For turbines about 95 per cent, of the barometer reading. This 
corresponds to about 28.6 in. of mercury column. 

NoTE.^ — In Ordinary Reciprocating-Engine Practice it is usually 
undesirable to carry a higher vacuum than about 26.5 in. of mercury. 
There may, as hereinafter specified, be several reasons for this: (1) If 
.the water discharged by the condenser is to be used for boiler-feed, its 
temperature should in many cases, for economic reasons, be higher thap 
that which is due to condensation of steam in a 26.5 in. vacuum. The 
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temperature due to this degree of vacuum will be somewhat less than 
120 deg. fabr. The coat of restormg heat to the 120 deg. feed-water, 
to raise it to a temperature of about 210 deg. fahr., which is suitable for 
boiler feed, may make the canning of a high vacuum unprofitable. (2) 

But even where the supply of boiler-feed water, and the heating thereof, 
is independent of the condenser, a higher vacuum than about 26.5 in. is 
rarely justified for reciprocating engines, insamuoh as the first coat of 
the installation would thereby be greatly increased. The higher the 
, the greater the cost (annual charge) of obtaining each inch 
e of vacuum. Considerable extra expense would be incurred by 



Fio. 289. — Graph Bhowina RelntioB Between SUsm Consumption Aod CondeuKr 
Vacuum In Average Turbine Operation. (The sbsciHS reprei 
eteam eoiuumption with SS-in. vBcuuin.) (Hsnieoo Safety Boilei 

the additional precautions that would be necessary to prevent leakage 
of air through valves, stuffing-boxes and jointed connections. (3) Also, 
the initial condensation in the engine cylinder (See the Author's Steau 
Enoikbib), due to the low temperature of the exhaust steam, would be- 
come so excessive as to more than nullify the extra advantage gained in 
lowering the back-pressure. 

In Tttkbinb And Unipixiw-Enqinb Practice, however, the best 
results are, aside from conaiderations regarding the feed-water, as noted 
above, obtained with the highest vacuum which it is possible to maintain. 
Initial condensation (as is explained in the author's Steam TuHBiUBa) 
plas^ no part in thiscase. Also, with turbines, leakage into tbe condenser 
can be avoided with less difficulty than in reciprocating-engine practice. 
The effect of variation in vacuum on turbine economy is shown graphic- 
ally in Fig. 289. 
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329. Table Showing Comparative Economy Of Condensing 
And Non-Condensing Operation. (Compiled by the Inter- 
national Text Book Company). 





Steam consumption per indicated 
h.p. hr. in lb. 


Per cent. 


Type of engine 


Non-condensing 


Condensing 


gained 
by con- 




Probable 
limits 


Probable 
average 


Probable 
limits 


Probable 
average 


densing 


Simple high speed. . 
Simple low speed . . 
Compound high 

speed 

Compound low 

speed 

Triple high speed . . 
Triple low speed . . . 


40-26 
32-24 

30-22 

25-18 
24-17 
27-21 


33 
29 

26 

25 
20 
24 


25-19 
24^18 

24^16 

20-13 
18-13 
23-14 


22 
20 

20 

18 
15 
17 


33 
31 

23 

25 
20 
29 



330. Table Showing Steam Consumption Of Condensing 
And Non-Condensing Engines. (From Gebhardt's Steam 
Power Plant Engineering.) 



Type of engine 


Pounds of steam 

per i.h.p. hr., 

non-condensing 


Pounds of 

steam per 

i.h.p. hr., 

condensing 


Per cent. 

saving due to 

condensing 

operation 


Single valve — simple . . 
Four valve — simple. . . 
Compound engine. . . . 


Average— 27 . 63 
Average— 24.06 
Average— 20.30 


25.7 

19.84 

12.14 


7.0 
17.5 
40.5 



Note. — The performances shown in Table 330 are for engines of a 
higher grade of construction than are those shown in Table 329. It is 
noted in Table 330 that the per cent, of saving is quite pronounced with 
the compound engine. This is due to the fact that the compound 
engines are better adapted than simple engines to handling the wide 
temperature and pressure ranges, which occur in condensing operation, 
without excessive cylinder condensation (Sec. 338) and other thermal 
losses within the engine itself. For a more complete discussion of the 
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relative merits of condensing and non-condensing operation under 
different conditions see the author's Steam Engines. 

331. With Surface-Condenser Operation The Same Feed 
Water May Be Used Repeatedly (See Sec. 368). This is an 
important consideration where water must be purchased, or 
must be treated chemically to render it suitable for boiler use. 
The condensate from surface condensers may, when means 
are employed to remove the cylinder oil therefrom, be used 
over and over again as boiler feed. This will tend to prevent 
formation of scale in the boilers. Saving of fuel and reduction 
of boiler room costs will thereby result. 

332. The Advantages And Disadvantages Of Condensing 
Operation may be summarized as follows: 



Condensing 


Non-condensing 


Advantages 


Disadvantages 


Decreases engine steam consumption 
20 to 50 per cent, in large plants. 

Recovers most of the feed-water if 
surface condenser is used. 

Feed-water is available at 100 to 120 
deg. fahr. unless very high vac- 
uum is used. 

Decreases size of boiler installation. 

Increases power output of a given 
engine 25 to 95 per cent. 


Wastes most of the exhaust steam 

unless it can be used for heating. 
Must use fresh feed-water which 

may be expensive to purify. 
Requires more water-purifjring 

equipment. 
Feed-water usually cold, and 

must be heated more. 
Requires larger boiler installation. 


Disadvantages 


Advantages 


Requires additional equipment, i.e., 
hot-well, condenser, cooling tower, 
pond or source of cooling water, 
vacuum pump, circulating pump, 
condensate pump, primary heater, 
etc. 

Operation is more difficult — requires 
more intelligent operators. 

No steam available for heating. 

Difficulty of keeping joints tight. 

More equipment to be kept in repair. 


Relatively low first cost. 

Operation simple — can be handled 
by less skillful operators. 

Large surplus of steam available 
for heating. 

Small steam leaks do relatively 
little harm. 
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333. Coadensers May Be Classified Into Two General 
Groups : (1) Jet condensers (Figs. 290 and 291) , in which con- 
densation ia by direct contact. That is, the exhaust steam and 
the cooling water are mixed together. (2) Surface condensera 
(Figs. 292 and 293) , in which the steam and coohng medium 
as water or air, are separated by metal walls or tubes. 
Heat is abstracted (Sec. 348) from the steam, through the 
metal, by the cooling medium. The jet condensers will be 
treated first and then the surface condensers. 



334. There Aie Three General Classes Of Jet Condensers: 

(1) Standard Icnv-level jet condensers (Fig. 291), in which the 
water, steam and air are exhausted by pumps, (2) Siphon jet 
condensera (Fig. 294), in which the water, steam, and some- 
times air are exhausted by a barometric column. (3) Ejector 
jet condensers (Fig. 295), in which the steam and air are ex- 
hausted by the velocity or ejector effect of the cooling water. 

Note. — Jet condensers may be further classified oa the basis of their 
operation as follows: (1) Parallel current condemera (Fig, 291) in which 
the condensed steam, cooling water and air flow in the same direction 
and collect at the bottom of the condensing chamber, whence they 
are evacuated by a pump, barometric tail pipe or other means. These 
condensera are used with low-vacuum installations only. (2) CounUr- 
current condensers (Fig. 296), in which the condensate and cooling water 
are taken off at the bottom while the air is removed at the top. 
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336. The Cooling Methods Employed With Surface Con- 
densers may be classified as follows: (1) Water-cooling, in 
which heat is abstracted from the steam by circulating water- 
currents. (2) Air-cooling, in which the heat is abstracted and 
carried away by air-currents. This method is used only where 



water-cooling is impracticable, due to an insufficient supply. 
(3) Evaporation cooling, in which a cooling effect is produced 
by the evaporation of streams of water trickling on the outer 
surfaces of metal tubes through which the exhaust steam is 
made to Sow. 



STEAM CONDENSERS 



FiQ. 392.— Elamentvy Doubts-FlOH (Tiro-Pan) aurfuie CondanMT. 
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Note. — Water-cooliog is used almost exclusively in the operation of 
st«am condensers. All subsequent mention of condensen in this book 
will, therefore, be limited to the water-cooled type. 



33SA. The Circulation Of The Water In Surface Condensers 

maybe: (1) A single fiow, as where the water passes (Fig. 297) 
only once through the tubing. That is, the water flows into 
the condenser at one end, through the tubes, and out at the 
other end. (2) A dotible flow, as where a division-plate (Fig. 
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293) is inserted bo that the water pasaeB twice through the 
tubing. That is, the water passes first through one portion 



PiQ. 29S. — Ki»nin« Multi-Jet EJactor CondeiiHr (For Luge Capadtlw). 

of the tubes and returns through the remaining tubes, thereby 
the water travels twice the length of the tubes, (3) A muUi- 
floie (Fig. 29S), as where two or more division plates are in- 
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Flow Sutf»M Con- 



Zes. — A Multiflow Suifaoe CoDdenser. 
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serted so that the water makes three or more passes through 
the tubing. 

Note. — Most surface condensers are of the double-flow or multiflow 
type. Single-flow condensers are rarely used. Double-flow or multi- 
flow condensers are used where high vacua are required, as in turbine 
operation. 

336. The Operation Of A Standard Low-Level Jet 
Condenser (Fig. 291) is as follows: A direct-acting steam 
pump, to which the condenser is attach^, removes the con- 
densate, cooling water and entrained air through a common 
cylinder, P. The cooling water enters at W. The quantity of 
water is controlled, in accordance with the quantity of ex- 
haust steam to be condensed, by the valve S, which is ad- 
justed by means of the hand-wheel H, The valve S is so 
shaped as to deUver the water in the form of a spray. The 
exhaust steam, which enters at Ey mixes with the spray of 
cooling water in the chamber B, The mingled current of 
condensate and cooling water is then discharged by the pump. 

Note. — Assuming that the cooling-water supply is adequate, the 
vacuum will be maintained in a jet condenser as long as the pump keeps 
the condensing chamber free from water and air. The degree of vacuum 
in a jet condenser depends upon the water-temperature and the quantity 
of entrained air. The cooling water is, generally, drawn in by the vacuum, 
instead of being delivered by gravity. This serves to safeguard the 
engine in case of accidental stoppage of the pump. Should the pump 
suddenly stop,^ enough water would almost instantly accumulate to 
submerge the spray valve S. However, since insuflicient water surface 
to condense the steam would then be presented, the vacuum would 
immediately be broken. Hence, flooding of the condenser and wrecking 
of the engine thereby could not occur. The engine would then exhaust 
to the atmosphere (Fig. 299) through the relief valve. 

337. To Put A Standard Jet Condenser In Service, pre- 
paratory to starting the engine to which it is attached, the 
injection valve V (Fig. 299) should first be opened. The 
pirnip should then be brought up to its regular running speed. 
The engine may then be started. If the pump suction is not 
sufficient to raise the water from the well the condenser must 
be primed with a small amount of cold water introduced 
through valve E. Adjustment of the spray valve S may then 
be necessary to produce the required degree of vacuum. 
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Note. — If two jet condensers are to be used on the same exhaust line, 
they should be connected independently (Fig. 300, pipes D), It their 



Fia. 206.— Iiut&llBtion Of Jet Condenni With Redprooktinc Enene. 

' circulating systems are connected in series as by pipe A, the arrangement 
will be unsatisfactory. Condenser 1 will use water at a lower tempera- 
ture than condenser 2, and the vacuum will therefore be higher in 1. 



1. 300, — ahowiug Jet CondeoBsra 



If the vacuum is equalized in the two condensers by partially closing 
the exhaust stcaro valve to condenser 2, then nearly all the condensation 
will take place in 1. 
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338. To Stop A Standard Jet Condenser, after closing the 
throttle of the engme to which it is attached, the injection 
valve V (Fig. 299) should first be closed. The vacuum 
breaker, D, should then be opened. The pump may then be 
stopped. 

Note. — The momentum of the flywheel will cause an engine to con- 
tinue in motion for several seconds after the throttle is closed. During 
this interval the movement of the piston will tend to produce a pumping 
effect. Hence, a slug of water may be drawn into the engine cyUnder if 
the condenser pump is shut down before the injection water is shut off 
and the vacuum broken. This may occur where the engine cylinder is 
less than about 22 ft. — ^which is the practical maximum suction lift in 
pump operation (See Sec. 1) — above the level of the condenser, pump, or 
other source from which the water might be sucked into the engine 
cylinder. 

339. The Operation Of A Siphon Or Barometric Jet Con- 
denser (Fig. 294) is as follows: The cooling water which is 
supplied by the pump enters at E and passes downward around 
the exhaust nozzle, iV, in a thin conical film. The exhaust 
steam from N is condensed within this hollow cone of falling 
water, thus creating the desired partial vacuum. The 
condensate and cooling water are discharged from the condens- 
ing chamber C by a barometric tail-pipe T. The lower end 
of the tail-pipe is submerged in a hot-well, H, In flowing 
through the neck, or constricted passage, K, the mingled 
current of condensate and cooling water acquires sufficient 
velocity to draw out the air which may be entrained with the 
steam. 

Note. — The chief purpose of this condenser arrangement is to obviate 
liability of damage to the engine by water being drawn from the tail-pipe 
into the condensing chamber and thence to the exhaust pipe. The level 
of the water in the hot-well, H, is at least 35 ft. below the condensing 
chamber. 

. Atmospheric pressure cannot sustain a column of water having a height 
exceeding 34 ft. Hence it is impossible for water to get above the 
nozzle N, If the level of the injection-water supply is not more than 
about 20 ft. below the inlet, Ey to the condenser, the siphoning action of 
the tail-pipe will suflBce to raise the water. The pump may then be 
dispensed with after the vacuum has been formed. But if a lift of 20 ft. 
is to be exceeded the pump must be run continuously. 
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340. Siphon Jet Condensers May Be Started And Operated 
Without A Pump (Fig. 301) if the injection water is to be 
lifted lees than 20 ft. In such cases, the full siphoning action 
of the tail-pipe, due to gravity, is produced by a double-stage 
operation. 

ElXPLANATiOtf. — Water iB firat admitted to the t&il-pipe through the 
piiming valve >S^ In falling through the tail-pipe, this current of water 
draws out the air. It thus pro- 
duoee a sufficient vacuum in the 
condenser and upper part of 
the tail-pipe to draw the cooling 
water to the condeoser through 
the injection pipe W. The 
priming valve, S, is then closed. 
The flow of injection water is 
regulated by means of the 

Note. — SometimeB, if the in- 
jection supply is to be Ufted to 
a height of about 20 ft., a 
priming pipe, and valve P, lead- 
ing from the boiler-feed pump, 
must be installed. The boiler- 
feed pump may then be uti- 
lized as an aid in starting the 
condenser. 

341. The Operation Of 

An Ejector Jet Condenser 

(lig. 295) is as follows: 

F>o. 301 -App«.tu. For stariin, A ffipbo- ^hc cooling Water, eutfirfng 

•..onaEnsBT wnen no rump ii Lseii. . tit . i. i . 

at W, IS supplied under a 
sufficient head, due either to gravity or pump action, to send 
it through the constricted neck, K, and into the tail-pipe, 
T, at very high velocity. The exhaust steam enters at S 
and is condensed by contact with the jets of cooling water. 
The aspiratory or suction effect, due to the high velocity of the 
jets, draws the entrained air through the openings between the 
aspirating cones. A, whence it is picked up and ejected with 
the mingled current of condensate and cooling water. 

342. The Requisite Size Of Jet Condensers is generally 
determined in accordance with the records of actual experience 
in condenser operation. Numerous empirical formulae based 
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on practice have been developed. A satisfactory formula, 
from Mark's Handbook, is as follows: 

(88) V = 0.00143W. + 8.25 (cubic feet) 

Wherein V = the volume of the condenser, in cubic feet. W, 
= the weight of steam, in pounds, to be condensed per hour. 

Example. — A standard jet condenser is required for a 2,000-h.p. 
engine, the steam consumption of which will be approximately 17 lb. 
per h.p. per hr. What should be the volume of the condenser? 

Solution.— By For. (88), V = 0.00143W. + 8.25 = (0.00143 X 17 X 
2,000) + 8.25 = 56.9 cu. ft 

Note. — The Velocity Of The Exhaust Steam Entering A Jet 
Condenser should be approximately 600 ft. per sec. The exhaust steam 
inlet should be proportioned to produce this velocity. 

Note. — ^Thb Velocity Op The Condensate And Cooling Water 
Issuing From A Jet Condenser should be approximately as follows: 
(1) For a standard jet condenser (Fig. 291) 5 ft. per sec. (2) For a siphon 
condenser (Fig. 294) 5 to 10 ft. per sec. (3) Fm- an ejector condenser 
(Fig. 295) 15 to 20 ft. per sec. The outlet from the bell or condensing 
chamber should be so proportioned as to produce these velocities. 

343. The Quantity Of Cooling Water Required For Jet 
Condensers depends upon the following factors: (1) The degree 
of vacuum required. (2) The heai of the exhaust steam. (3) 
The effectiveness with which the steam and water are mixed. (4) 
Th£ quantity of air entrained with the steam. (5) The general 
efficiency of the condensing equipment. The exhaust from an 
engine generally contains considerable moisture. For practi- 
cal purposes, however, it is suflSciently accurate to assume that 
it consists entirely of dry, saturated steam. 

344. To Compute The Quantity Of Cooling Water Required 
For Jet Or Surface Condensers the following formula may be 
used: 

(89) W„ = Ws \ ^'^ (pounds) 

1/2—1/1 

Wherein: W^, = the weight of water, in poimds per hour, 
which is required to condense and cool the exhaust to a given 
discharge temperature. W« = the weight of steam to be con- 
densed per hour, in pounds. H = the quantity of heat, 
above 32 deg. fahr., in British thermal units, in 1 lb. of dry, 
saturated exhaust steam at the condenser pressure, as given 
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in Table 346. T/i = the temperature of the entering cooUng 
water, in degrees Fahrenheit. Tf2 = the temperature of the 
discharged cooUng water, in degrees Fahrenheit. T/e = tem- 
perature of the condensate, in degrees Fahrenheit. (This 
temperature is the same as T/z in jet condensers.) 

Example. — The vacuum gage of a jet condenser registers 26 in. of 
mercury. The barometer registers an atmospheric pressure of 29.4 in. 
of mercury. The cooUng water enters the condenser at a temperature 
of 70 deg. fahr. The temperature of the discharge is 105 deg. fahr. The 
steam consumption of the engine is 30,000 lb. per hr. What quantity of 
cooling water is required? 

Solution. — The absolvie condenser pressure = 29.4 — 26 = 3.4 in, of 
mercury. Hence, if the barometer reading (Table 346) were 30 in. of 
mercury, the vacuum gage would show 30 — 3.4 = 26.6 in, of mercury. 
By Table 346, the total heat in the steam above 32 deg. fahr. correspond- 
ing to a vacuum of 26.6 in. of mercury = 1,112.2 B,t.u, per lb. Hence, 
by For. (89), W« = W.(H - T/c + 32)/(T/2 - T/i) - 30,000 X (1,112.2 
- 105 + 32) ^ (105 - 70) = 890,700 lb, per hr. 

Note. — The Temperatube Op The Water Discharged From A 
Jet Condenser is always lower than the temperature (Table 346) 
which is due to the condenser pressure. In high class installations it 
may be only 5 deg. fahr. below this temperature. With poorly designed 
condensers it may be 20 deg. below. But the average difference is from 
10 to 15 deg. 

346. The Operation Of A Surface Condenser is as follows: 
The cooling water is pumped through the tubes (Fig. 293) by 
the circulating pump P. The exhaust steam enters at S, The 
condensate and air are drawn out by the vacuum pump C. 
The cooling water, if admitted at the bottom, will first act upon 
that portion of the steam which is at the lowest temperature. 
This is conducive to effective transfer of heat from the steam 
to the water. It is called the counterflow principle. 

Note. — Heat Transference In Surface Condensers Mat Be 
Improved by preventing the condensate which forms on the upper tubes 
from falling on the lower tubes. Baffles, or rain-plates, are sometimes 
employed for this purpose. Condensers so equipped are called dry-tube 
condensers. By keeping the lower tubes comparatively dry, condensa- 
tion of the steam in the lower half of the condenser proceeds more rapidly 
than it otherwise would. Films of water enveloping the tubes serve to 
insulate them. 
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347. The Tubes And Tube-Sheets Of Surface Condensers 

are, generally, made of such metals as are best adapted to 
resist the corrosive action of the waters which are available 
for cooling purposes. Where fresh water is used the tubes 
may be of brass, bronze, copper, aluminum-bronze, or Muntz 
metal. Where salt-water is used, tubes made of Admiralty 
metal are preferred. This is an alloy containing 70 per cent, 
of copper, 29 per cent, of zinc and 1 per cent of tin. The tube- 
sheets are generally made of brass or Muntz metal. The shell 
and fittings are commonly made of cast iron. 

Note. — The sizes of condenser tubes in common use are %-in., ?i-in., 
and 1-in. outside diameter. The corresponding thicknesses are 20, 18 
and 16 Birmingham wire gage. Fig. 301 A shows one way in which tubes 
are fastened in the tube sheets or tube head. 



Glernefs 




Fia. 301A. — Worthington Standard Condenser-Tube Gland. 

348. The Quantity Of Heat Which The Cooling Water 
Will Abstract From Steam In Surface -Condenser Operation 

may be computed by the following formula : 

(90) Ut = Ws(H - Tfc + 32) (British thermal units per hour) 

Wherein Ht = the quantity of heat given up by the steam, 
in British thermal units per hour. W« = the weight of steam 
condensed, in pounds per hour. H = the total heat, above 
32 deg. fahr., in British thermal units, in 1 lb. of the exhaust 
steam at the condenser pressure, as given in Table 346. T/c = 
the temperature, in degrees Fahrenheit, of the condensate 
leaving the condenser. 



Example. — The steam consumption of a 1,000-h.p. engine, exhausting 
into a surface-condenser, is 18 lb. per h.p. hr. The average vacuum-gage 
reading is 25.4 in. of mercury. The average atmospheric pressure, as 
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shown by the barometer, is 30 in. of mercury. The temperature of the 
discharged condensate is 120 deg. fahr. How much heat is given up by 
the cooUng-water? 

Solution. — By Table 346, the total heat, above 32 deg. fahr., in the 
steam, for a 25.4-in. vacuum with a 30-in. barometer, is 1,116.9 BXtu 
per ft. By For. 90, Ht = W.(H - T/c + 32) =1/X)0 X 18 X (1116.9 - 
120 + 32) = 18,620,000 B.t.u, per hr. 



349. The Water-Cooling, Or Tube Surface, Required In A 
Surface Condenser may be computed by the following 
formula : 

H 

(91) Af = — ; T IT K (square feet) 

Wherein Af = the water-cooling, or tube surface, in square 
feet. Ht = the quantity of heat to be given up by the steam, 
in British thermal units per hour, as computed by For. (90). 
Tft = the temperature of the steam, in degrees Fahrenheit, 
as given in Table 346. f/ = a constant from Table 350 = 
B.t.u. transferred per square foot per hour per degree tempera- 
ture difference between the water and the steam. Tfi and 
Tf2 = , respectively, the initial and final temperatures of the 
cooling water in degrees Fahrenheit. 

ExAMPLB. — The heat to be abstracted from the exhaust steam entering 
an ordinary type of standard surface condenser, as computed by For. 
90, amounts to 18,000,000 B.t.u. per hr. The average vacuum-gage 
reading is assumed to be 25.1 in. of mercury. The average atmospheric 
pressure, as shown by the barometer, is assumed to be 30 in. of mercury. 
The cooling-water is assumed to enter at a temperature of 55 deg. fahr. 
and emerge at a temperature of 100 deg. fahr. How much tube-surface 
is required? 

Solution. — ^By Table 346, the temperature of the steam, for a 
25.1 in. vacuum with a 30-in. barometer, is 133 deg. fahr. By Table 350, 
the coefficient, U, of heat transference is 250. By For. (91), A/ = 
Hi/\UlTfs-- }4(Tfi + Tfi)]} = 18,000,000 -^ {250 X [133 - 
H (55-1-100)1} = 1,297 «?./«. 
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360. Table Of Coefficients Of Heat Transference {U, For. 
91) In Surface-Condenser Operation. 



Type of surface 
condenner 


Velocity of cooling 

water, in feet 

per second 


Value of Uf in B.t.u. 

per sq. ft. per deg. 

temp. dif. between 

water and steam 


Ordinary, old style, 
standard type 


1 to2 


250 


Modern, dry-tube type 


4to5 


600 



361. The Value Of The Heat Transference Coefficient, U 

(Table 350), may range from 1,000 to 3 between diflferent 
areas of the tube-surface in the same condenser. The values 
given in Table 350 are average values. From tests made by 
Prof. Josse, of the Royal Technical School at Charlottenburg, 
it was found that the value of U is affected principally by the 
following factors: (1) The material, thickness j shape and 
cleanliness of the tubes. (2) The water-velocity through the 
tubes, (3) The steam-velocity over the tubes. (4) The quan- 
tity of condensate adhering to the tubes. 

Note. — The results of actual practice have demonstrated that sur- 
face condensers of the ordinary standard type, when attached to engines 
using 20 lb. of steam per h.p.hr., and operating with a 26-in. vacuum, re- 
quire about 2 sq. ft. of tube-surface per engine horsepower. Also, that 
dry-tube multiflow condensers, when attached to turbines using 15 lb. 
of steam per k.w.hr., and operating with a 28.5-in. vacuum, require 
about 2 sq. ft. of tube-surface per kilowatt developed by the turbine. 
Ck>ndenser practice in general indicates that from 1.25 to 2.5 sq. ft. of 
tube-surface per kilowatt are required for large modem-type installa- 
tions, while from 2 to 4 sq. ft. per kilowatt are required for the smaller 
installations of ordinary standard equipment. 

362. The Temperature ''Drop" In Surface Condensers 

means the difference in temperature between the entering 
steam and the discharged cooUng water. With ordinary 
standard surface condensers of the single-flow or double- 
flow type, the temperature ''drop" ranges usually from 10 
to 20 deg. fahr. With high-vacuum multi-flow dry-tube 
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condensers, temperature drop8 of 1 to 5 deg. fahr, have been 
obtained. The temperature difference between the conden- 
sate and discharged cooling water is usually 6 to 10 deg. fahr. 
3S3. The Classes Of Pumps Used In Connectioii With A 
Condenser are: (1) Circulating pumps, or pumps used for 
forcing water through the tubes of surface condensers; or 
furnishing water to barometric or ejector-jet condensers; or 
removing water from jet condensers having dry-air pumps. 
(2) Wet vacuum pumps, or pumps used for pumping both 
condensate and air from jet or surface condensers. Wet air 
pumps for jet condensers handle the injection water also and 



are sometimes called simply condenser pumps. (3) Condensate 
pumps, or pumps used with surface condensers to pump the 
condensed steam only, to a heater or receiver — usually for use 
as boiler feed. (4) Dry vacuum or air pumps, or pumps used 
for removing air only, from jet or surface condensers. (5) 
Hotr^vell pumps, or pumps used for pumping the hot water 
from a hot well usually to a feed-water heater. 

364. The Types Of Pumps Used As Condenser Auxiliaries 
are: (1) Directr-acting steam pumps (Fig. 293). These are used 
chiefly in reciprocating engine plants as wet vacuum pumps, 
circulating pumps or condensate pumps. (2) Rotative or 
crank-action pumps, steam or power driven {Fig. 302). These 
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are uaed chiefly for dry-vacuum pumps in either turbine or 
reciprocating engine plants. Crank-action power pumps are 
occasionally used for circulating and wet-air pumps, but steam 
drives are more common because the exhaust steam from 
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the drives is usually needed for feed-water heating in condens- 
ing plants. (3) Centrifugal pumps (Figs. 302 and 303). 
These are the most commonly used type of circulating and 
condensate pumps in modem installations of medium and large 




capacity. (4) Hurling-iDater pumps (Figs. 303, 304 and 305), 
sometimes called hydro-centrifugal pumps. These are used as 
dry-vacuum pumps chiefly in turbine installations where the 
vacuum is high and the volume of air to be handled is relatively 
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small. (5) Jet pumps or ejectors (Figs. 306 and 306A,). 
These are used for increasing vacuum or are built as tvo and 
three-stage ejectors for high-vacuum pumping service. 



FiQ. 30flA.— Wheeler Two-StBit "RiKiojef' 
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356. The Advantages Of Centrifugal Pumps For Condenser 
Circulating Or Condensate Pumps are: (1) Low first coat. (2) 
Compactness. {S) Absence of valves and pistons. (4) High 
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speed. This permits their being driven through direct shaft 
connection with electric motors and steam turbines. In fact 
(see Sec. Ill) centrifugal pumps are inherently high speed 
machines which renders them especially adaptable for being 
driven by motors or steam turbines which are also inherently 
high-speed machines. The same advantages apply to hurling- 
water pumps as compared to piston pumps for dry-vacuum 
pumps. 




Fie. 300. — Wbeelsr Di^Vasdum Pump (Siwrle-ValTe Type). (The Cunction of the 
rotary AdmiasLon valve m- {!) To eoniuct tkt diteharo« outiet and inlet yort aUemaUlt/ 
vriUt oppoeUe ends of the pump cuiinder. (2) To release the compreaaed air in the cUarance 
epace at one *nd of the ej/iind*r through the transfer paaeage to the other end of the cylinder. 

cyliader ioatead of back iato the euction pipe where it would tend to decrease condeiuer 



Note, — In Okdeb To Secure A High Vacttdm With Piston Puups 
it 19 essential that the cle&rance volume of the air-pump (Fig. 307) 
should be kept as low as possible. Also, to avoid the use of inconven- 
iently, large pumps the mixture to be handled should be cooled to the 
lowest practicable temperature. Sometimes the air is re-cooled by the 
incoming condensing water (Fig. 308). In some cases a steam jet 
(Fig. 306) is used to partially compress the air before it goes to the 
pump. In others a special valve (Fig. 309) is used for reducing the pres- 
sure in front of the piston, at the end of the delivery stroke, to the 
condenser pressure. This is to obviate the loss, which would otherwise 
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result from expanaion of a portion of the compreBeed air down to the 
auction pressure, when the piston begins a stroke. 

Rotatory pumps (hurUng or hydro-centrifugal pumps) using slugs of 
water (Fig. 304) as pistons are sometimes used where very high vacua 
are required. 

366A. A Modem Westinj^ouse Turblne-Generator-Sur- 
face-Condenser Installation is shown in Fig. 309A. The 
turbine, T, is connected to a Le Blanc surface condenser, C, 
by an expansion joint, X, and a short connecting piece, J. 



Fia. 30S^.— WatiDchouii&'LeBlBnc Surface CondenKr InstaUed For Scrviw With 
Turbo-Generstor Unit, 

The expansion joint is necessary to properly protect the tur- 
bine and condenser shell from excessive stress due to expansion 
when the turbine is heat«d by the admission of steam. The 
connecting piece is used .to connect the turbine exhaust and 
the steam inlet, M, of the condenser, which may or may not 
be the same shape, and also to provide sufficient head-room 
between the turbine bedplate and the condenser shell for the 
necessary turKne supports. 

Explanation. — This (Fig. 309A) gives the most compact arrangement 
possible and requires a minimum of head-room and Hoor-epace, The 
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condenser ib placed directly beneath the turbine, T, and inside the tur- 
bine foundation. All the pumps are mounted on one shaft and driven 
by one drive. The pump unit is bolted directly beneath the shell and no 
inter-connecting piping is required. At the left is the circulating pump, 
R; in the center the air-piunp, N; and at the right, the condensate piunp, 
P. The pumps may be either directly driven by a motor, V, as shown or 
geared to a steam turbine. 

Ordinarily the cooling water is brought to the power house through an 
intake tunnel, 7, and is discharged through a discharge tunnel, Z>. The 
water level should be such that the cooling water is within the possible 
suction lift for centrifugal pumps. The suction piping should be as short 
as possible to prevent air leaks and possible loss of cooling water due to the 
piunp becoming air-bound. If the water levels permit, the discharge 
line, L, should be brought back to approximately the same level as the 
intake water and the end of the discharge pipe sealed by extending it, 
Ef into the water. This gives a siphon system (Sec. 374) and the total 
piunping head is then only the friction head through the piping and any 
small difference in the water level, which may exist between the suction 
and discharge tunnels. 

The hurling-water air-pump, iV, takes its hurling water from the 
circulating pump discharge and discharges, Q, to any convenient point 
such as the discharge tunnel. The condensate pump, P, takes the con- 
densed steam from the shell, /S, and discharges it into the feed-water 
heater or feed tank. All piping — especially the circulating water piping — 
should be made as short as possible and free of sharp bends which increase 
the friction head. The circulating-water piping should have few joints 
and be free of air leaks in order to gain as much effect from siphonic action 
as possible, and thereby maintain the circulating-pump power at a 
minimum. The piping should be so arranged that no stress due to expan- 
sion will be transmitted to the pump shell. 

Note. — The Arrangement Op Condenser Pumps Shown In Fiq. 
309A Is Used For The Smaller Installations where its compactness 
and simplicity make it desirable. For larger installations, separate 
pumps are used. They may be driven by one drive or separate drives 
may be provided for each pump. The air and condensate pumps 
may be combined and driven by one drive and the circulating pump by 
its individual drive. Motors or geared turbines are used also for large 
installations, the drive selected depending upon the plant lay-out. In 
some cases, the circulating pump is driven by both motor and turbine 
in order to insure added reliability and proper heat balance. (See Sec. 
212). 

366. The Principal Point To Be Observed In Caring For A 
Condenser Is To Prevent Leakage Of Air. (H. H. Kelley, 
Condensers). — ^Leaks may occur in cylinder-heads, valve- 
chest covers, hand-hole plates, rod stuffing boxes, flanges and 
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screw joints in piping (both exhaust and injection pipes) and 
around valve stems. Added to these are the piston rod and 
valve-stem stuffing boxes on the engine and any bonnets that 
may lie below the exhaust valves. The leaks are not readily 
detected because the pressure is on the outside and the air is 
consequently trying to get in. A lighted candle or match 
held close to the joint where the leak is suspected is about the 
simplest method of locating them. The suction and discharge 
valves of condenser pumps should be examined regularly as 
there is no direct way of detecting loss of vacuum due to poor 
valve action. 

367. Strainers Should Be Placed At The Ends Of The 
Circulating Water Suction Pipes whether the condenser takes 
water directly from a creek or pond or from an intermediate 
reservoir. Openings in the spraying device of a jet-condenser 
are sometimes comparatively small and these may become 
clogged with bits of foreign matter that might readily pass 
through the suction valves. The tubes of surface condenses 
may also become clogged by foreign matter and thus decrease 
the flow of circulating water. When a jet condenser fails to 
get sufficient water, first examine the strainer, then the spray, 
which can usually be reached by removing the small manhole 
plate on the condenser chamber. If trouble is not found at 
these points, examine the pump ports, the suction valves, dis- 
charge valves and, lastly, the piston or plunger. If no obstruc- 
tion is found, the difficulty will be due either to leakage of air 
or the heating of the condenser caused by receiving more steam 
than it is capable of condensing; in other words, the condenser 
is too small. 

368. Should The Condenser Vacuum Suddenly Decrease 
While Running, it will probably be due to an increased load 
on the engine and the correspondingly greater volume of 
steam entering the condenser. The amount of injection 
water which was formerly sufficient would then be too small 
for the weight of the steam which is to be condensed. The 
obvious remedy is to open the injection valve. If this does 
not restore the vacuum, slowly increase the speed of the pump, 
always watching the vacuum gage, while making these adjust- 
ments. If the loss in vacuum is due merely to a larger amount 
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of steam, these adjustments will restore it. If the vacuum 
decreases slowly, a little each hour of the day, it indicates 
leakage of air, a leaky piston and valves or stoppage of the 
water passages somewhere between the suction strainer and 
the discharge valves. The several joints and the stuffing boxes 
may be examined for air-leaks in from 5 to 10 min. while 
running. But an examination of the valves, spray and pimip 
cylinder can only be made after shutting down the condenser. 

Note. — Ip The Condenseb Has BECOBfE Hot It Will Not Wobk 
Until It Is Cooled. As it is necessary to bring steam in contact with 
a colder body in order to condense it, should the temperature in the 
condenser rise nearly to that of atmospheric exhaust steam, condensation 
will take place slowly and the vacuum can be re-attained only gradually 
as the condenser cools again. 

369. When The Atmospheric Relief Valve Of A Jet Con- 
denser Is Open And The Engine Is Running Non-Condensing, 
Proceed As Follows To Restore The Vacuum And Condensing 
Operation. — After locating and removing any cause of diffi- 
culty, the pump may be started and the injection valve opened. 
The temperature will thus be lowered to that of the condensing 
water. With an assistant at the atmospheric relief valve, 
speed up the pUmp and give the condenser more water. Then 
slowly open the stop valve in the exhaust pipe, having the 
assistant close the relief valve at the same rate as that at which 
the stop valve is opened. When the relief valve is nearly 
closed, it will close itself due to the vacuum which will then 
have been produced in the exhaust pipe, and the engine will 
run condensing again. The injection valve may then be 
partly closed and the speed of the pump reduced a little, always 
keeping watch of the vacuum gage while making these ad- 
justments. The object i§ to use as little water as possible 
and run the pump as slow as possible and still maintain the 
desired vacuum. 

Note. — The Above Suggestions Apply Also To Surface Condens- 
ers. The only difference is that in some surface condenser plants, the 
air pump and circulating pump are regulated separately. Increasing 
the speed of the air pump is equivalent to increasing the speed of the 
pump in the jet condenser. Increasing the speed of the circulating pump 
has the same effect as opening the injection valve in the jet condenser. 
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360. It Sometimes Happens That The Vacuum Is Consider- 
ably Below That Which Corresponds To The Condenser 
Temperature, i.e., the temperature of the condenser may 
correspond to a vacuum of 26.5 in. while the highest vacuum 
which can be maintained is 25 in. In most instances this 
will be due to air in the condenser and a thorough search for 
leaks should be made, provided the vacuum gages and ther- 
mometers are known to be correct. It is practically impossible 
to maintain a condenser system sufficiently free from air 
that the vacuum-gage reading will correspond exactly to the 
temperature. A reasonable or allowable difference between 
the vacuum gage reading and the vacuum corresponding to 
the condenser temperature, as foimd in a steam table, is 
about 0.5 in. mercury coliunn. 

361. The Adjustments And Care Of The Barometric And 
Ejector Jet Condensers consist largely of regulating the in- 
jection valve and preventing leaks. When a dry vacumn 
pump is employed in connection with a barometric condenser, 
it may need repair or the speed may require changing in case 
of difficulty in maintaining the vacuum. Ordinarily these 
pumps are provided with governors, the speed being changed 
quickly, when need be, by adjusting the governor. 

362. With Surface Condensers, Leaky Tube Ends And 
Fouling Of The Tubes Both Inside And Out May Give Trouble. 
This condition shows itself in a gradually faUing vacuum. 
Increase of the speed of the air and circulating pumps affords 
but temporary reUef. The remedy is in thorough cleaning. 
The inside of the condenser may usually be cleaned with a 
hose and ordinary city water pressure. A nozzle of pipe 
small enough to go inside the condenser tubes is fitted to a 
hose. A thick leather washer around the nozzle may be used 
to prevent the water from squirting back and wetting the 
operator when the nozzle is inserted in the tubes. If a valve 
is placed near the nozzle, the work may be done by one man. 
After removing the head of the condenser, the nozzle is 
pushed in and the watjer is turned on. If the water fails to 
clean out the tubes, a rod having a spiral end like an auger 
may be used to scrape the tubes clear after which they may 
be rinsed with water as described above. 
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363. When Grease Accumtilates On The Outside Of The 
Condenser Tubes it may be removed by boiling the condenser 
out with lye: Remove the handhole plate and put in several 
cans of lye, 6 or 8 lb. for a 500 h.p. condenser and 12 to 15 lb. 
for a 1,200 to 2,000 h.p. condenser. Provide a small live steam 
pipe reaching well down into the condenser. Fill the condenser 
with water. Heat the water to the boiling point with the 
steam pipe and permit it to stand for 18 to 24 hr. The grease 
will then run out with the water — mostly in the form of soap. 

364. An Index As To The Condition Of Joints And StuflSng 
Boxes Of Any Condenser can be obtained by noting the loss 
of vacuum after shutting down. If all the connections, stuff- 
ing boxes, and joints are reasonably tight, the loss of vacuum 
should not exceed 2 in. per hr. 

366. The Following Material On Condenser Selection And 
Economics is based largely on an article, Application of 
Condensers, by F. A. Burg which appeared in The Electric 
Journal for Dec, 1920. 

366. Features Which Should Be Considered When Select- 
ing The Type Of Condenser To Use for a given installation are 
these: (1) The space available. (2) The boiler feed problem, 
(3) The cooling water. (4) Maintenance. (5) First cost. In 
most cases, by a general survey of these items, the selection 
can be made without resorting to refinements and calculations. 
If, however, such a survey shows that there is Uttle choice 
between types, then each type of condenser should be con- 
sidered individually. The most economical size of each type 
should be determined, and then these should be compared 
rather than arbitrarily selected. The recommended general 
procedure in making a selection is to determine for each 
condenser type under consideration the excess operating and 
instaUing costs involved. Then when these have been ascer- 
tained the propositions should be summarized and balanced 
against one another. The excess total annual operating and 
maintenance costs should be capitaKzed at a reasonable percent- 
age and the resulting amoimt added .to the first cost of the 
condenser that has the excess operating cost. This total is the 
amount that it is justifiable to pay in initial cost for the 
condenser which effects the saving. 
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Example. — Condenser A costs $1,000 and its total annual operating 
(power and maintenance) cost is $400. Condenser B costs $700 and its 
total annual operating cost is $500. Which of these condensers is the 
more economical? 

Solution. — Difference in operating (power and maintenance) cast = 
$500 — $400 — $100 annually. Assume a total annual fixed charge 
(rental cost of space occupied, interest, depreciation, taxes and insurance) 
of 15 per cent, on the investment. This $100 annual saving corresponds 
to a saving in investment of $100 4-0.15 = $666.70. Therefore it is 
economical to pay $666.70 more for condenser A than for condenser B. 
But A cost only $300 more than B, Hence A is the best investment. 
Another method of arriving at the same conclusion is to tabulate the 
data thus: 



Item 


A 

First cost = 
$1,000 


B 

First cost = 

$700 


ODeratinir cost 


$400 
150 


$500 


Fixed charge @ 15 per cent 


105 


Total annual charge 


$550 


$605 



Thus the data shows that the yearly or annual cost of A is $605 - $550 = 
$55 less than that of B, This $55 annual-cost saving would justify 
an increase in investment of $55 4- 0.15 = $366.70. That is: $366.70 + 
300 = $666.70. 

367. The Amount Of Floor Space And The Head Room 
Available Are Rarely Deciding Factors In Selecting Con- 
densers. — Surface condensers require more floor space than 
do jet condensers, especially when allowance is made for the 
space required for removing the tubes. In a new plant, space 
for a surface condenser can be provided without diflSculty, but 
frequently turbine foundations must be specially designed 
to accommodate the condenser. The head room required 
for either low level jet or surface condensers is about the 
same, if the possible variations in design, such as different shell 
proportions or the use of twin units, are recognized. Generally 
the question of space is not of primary importance. However, 
the difference in the cost of the installation due to the differ- 
ence in space occupied, if any exists, should be reflected in 
the cost analysis of the problem. 



318 STEAM POWER PLANT AUXILIARIES [Div. 9 

368. The Quality Of The Available Feed Water Is Often 
An Important Factor In Condenser Selection. — The surface 
condenser recovers the distilled condensate for boiler feed 
while the jet does not. There are relatively few natural 
waters which do not contain sufficient solid matter, either in 
suspension or solution, to form scale in boilers. Some waters 
contain minerals that form a hard scale. Others, with just as 
high a mineral content, form a soft easily-removable scale. 
The questions of treating feed water, what minerals are most 
objectionable and methods of cleaning boilers cannot be 
discussed here, but many feed waters have to be treated. 
The methods of obtaining good feed water vary from a chemical 
treatment of all of the feed water to the recovery of the condensate 
with a surface condenser , and treating only the make-wp water. 

Note. — Aivthouoh Surfacb Condensebs Should Deliver Pure 
Distilled Water To The Feed Heater, They Often Do Not Do So. 
The purity of the water depends on the tightness of the tube packing and 
the condition of the tubes themselves. If the tubes leak the feed water 
will be adulterated by the amount of the leakage. Hence, frequent 
electrical or chemical tests of the condensate should be made to determine 
its quality. 

369. The Character, Quantity And Source Of The Cooling 
Water Are Important Factors In Condenser Selection. — ^A con- 
densing plant requires for condensing water alone from 26 to 
100 lb. of water per lb. of steam condensed. A plentiful supply 
of wat,er at a low temperature, and at such elevation as to 
involve minimum pumping power expense, is desirable. Natu- 
ral heads are desirable but not often available for steam plants. 
Where the water supply is Umited, an artificial cooling system 
can be installed (see Div. 10). The amount of water then 
circulated will depend on the cooling range that can be effected 
by the cooling system and not on the type of condenser 
employed. 

370. Cooling Towers And Spray Ponds (see also Div. 10) are 
both used for artificial cooling. The rise in the temperature 
of the cooling water must be kept within the cooling range of 
the tower or pond, since the water has to be cooled in the tower 
or pond by the amount that it has been heated in passing 
through the condenser. For the average conditions of temperar 
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ture and humidity, say 70 deg. fahr. air temperature and 70 
per cent, humidity, the cooling range for a natural-draft tower 
or a spray pond, single-spraying, is usually assumed to be from 
14 to 16 deg. fahr. and, for a forced-draft tower or a pond with 
double-spraying system, from 22 to 25 deg. fahr. This means 
that the ratio of water to steam would be between 60 and 70 
to 1 in the first case and about 40 to 1 in the latter. 

371. With Surface Condensers Probably Not More Than 
90 To 93 Per Cent. Of The Boiler Feed Will Be Returned To 
The Boilers. The Rest Will Have To Be Made Up.— This 
make-up water will, with surface condensers, have to be treated. 
But the expense of such treating is small as compared to the 
expense of treating incurred with jet condensers, where all the 
feed must be treated. There will also be a loss of heat in the 
feed when jet condensers are used even if the feed is taken from 
the discharge of the condenser because the temperature of the 
condensate from a surface condenser is higher than the tem- 
perature of the discharged cooling water from a jet condenser. 

372. When Investigating The Feed-Water Phase Of The 
Problem it will therefore be necessary to find out the excess 
cost of treating the feed, the amount chargeable to the jet 
condenser for the loss of heat in the feed water and the excess 
cost of the treating plant. The cost of treating is variable. It 
depends on the nature of the water to be treated. Ordinarily 
the cost does not exceed fifteen cents per thousand gallons. 
The loss of heat involved can be reduced to the amount of 
steam required to raise the temperature of the feed water to 
that of the condensate in a surface condenser. After this has 
been determined the cost of generating this steam maybe 
ascertained. The cost of a treating plant will depend, on the 
method used and the amount of water to be treated. With all 
these items known another step in the analysis has been 
completed. 

373. The Effects Of Bad Water on jet condensers are of less 
moment than on surface condensers. In jet condensers the 
parts subject to corrosion can be replaced more cheaply. The 
tubes in a surface condenser will last indefinitely, if the water 
is noncorrosive. But, surface condensers are frequently used 
where only corrosive water is available. When the water is 
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quite bad, the tubes must be made of a special metal and even 
then may last only a short time. When the water is thus bad, 
although it may be highly desirable to save the condensate, 
the cost of doing this may not compare favorably with the cost 
of boiler feed from some other source. 

374. The Most Important Phase Qt The Cooling Water 
Problem Is The Cost Of Handling The Water under the condi- 
tions that may exist in the power plant. The jet condenser, 
by reason of its ability to realize a lower terminal difference 
(difference between the temperature of the exhaust steam and 
that of the outgoing cooling water) does not require as much 
water under average conditions as does the surface condenser. 
This, however, does not mean that it will require less power. 
With the jet condenser its circulating piunp hastopiunpallthe 
water out of a partial vacuum which corresponds to about 30 
ft. head. In addition it must discharge against an external 
discharge head that is never less than the discharge head on 
the surface condenser. The external head consists of the 
static lift plus the friction. This means that the jet condenser 
always has a pumping head in excess of thirty feet, whereas the 
surface condenser may not require a head greater than that 
due to condenser and pipe friction. The head would not be 
greater than that due to condenser and pipe friction where the 
cooUng water is taken from a body of water and discharged 
back at the same level provided that the whole system is so 
sealed that the full siphonic effect is reaUzed. Such installa^ 
tions occur frequently. See Figs. 303 and 309A. 

376. When The Discharge Level Is Higher Than The 
Circulating Pump (Figs. 310 and 311), which condition is 
ordinarily encountered in spray-pond installations, the advan- 
tage of lower pmnping head is also with the surface condenser 
because the surface condenser can under this arrangement take 
advantage of the balanced leg in the circulating system while 
the jet condenser cannot. 

Example. — Assume a cooling-tower installation with the level of the 
cold well ten feet above the circulating pump. There will be a IQ-ft. 
positive head on the pump for the surface condenser (Fig. 310). This 
10 ft. can be credited because, under static conditions, the level 
of the water in the discharge pipe would be 10 ft. above the pump. 
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But a jet condenser (Fig. 311) cannot take advantage of this head because 
it would have to pump the water against a 10-ft. bead in addition to the 
internal head due to the vacuum. From this it is evident that, in moat 
cases, the circulating pump of a surface condenser pumps against a lower 
head than does the pump of an equivalent jet condenser. 



[ Pumi^nc HnuJ Of 

Burface-Coadeiiser Circulatius Pump. Jet-Condeiiaer Circulating Pump. 



376. With The Jet Condenser, The Ratio Of Water To 
Steam Is Fixed For A Given Vacuum Whereas With The 
Surface Condenser This Ratio May Be Varied To Suit The 
Conditions. — The vacuum obtainable depends, with a surface 
condenser, on a. variety of factors, including the rate of heat 
transfer through the tubes, the velocity of the circulating 
water, and the size of the condenser. Hence it is possible to 
select a number of surface condensers, each with a different 
ratio of water circulated to cooUng surface, that will produce 
approximately the same vacuum with a given amount of 
steam. But with a jet condenser, the quajitifcy of water 
required is practically fixed when the quantity of steam and 
the vacuimi are 8i)ecified. This is due to the fact that most 
jet condensers realize a terminal difference in temperature of 
between 5 and 8 deg. fahr. That is, the rise in the tempera- 
ture of the circulating water and the ratio of water to steam 
will be practically the same for all jet condensers producing a 
given result. On the other hand, with the surface condenser, 
the ratio of water to steam may be varied to suit the conditions 
of different pumping heads and the necessity for conservation 
of auxiliary power. 
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377. It Is Generally Recognized That For High Circulating- 
Water Heads There Should, To Insure Minimum Surface- 
Condenser Operating Expense, Be A Lower Ratio Of Water To 
Surface Than For Low Heads. — ^Thus, where the circulating 
water must be pmnped against a high head, it is economical to 
decrease the amount of water to be pumped by instalUng a 
larger surface condenser. That is, the auxiUary power and 
therefore the operating expense may be decreased by incurring 
a greater initial expense for a larger condenser. No such 
economic adjustment is possible with a jet condenser. Since, 
however, for a given service, the jet condenser usually uses 
less water than the surface condenser, it may approach the 
surface condenser in auxiliary economy when the head is high. 
The handicap of the jet condenser circulating pump of having 
to pump against a greater head will then, where the head is 
high, be offset by the lesser amount of water to be pumped. 

378. A Comparison Of The Power Requirements Of The Jet 
Vs. The Surface Condenser Should Not Be Based Solely 
On A Consideration Of The Quantities Of Water Circulated 
And The Heads Existing. — There should be considered also: 
the facts that the jet condenser discharge pump is inherently 
less efficient than a pump not discharging from a vacuum, and 
that the jet condenser must have a larger air pump than the 
surface condenser. Against all these jet-condenser handicaps 
of less efficient pumps greater heads and more power for the 
air pumps, the jet condenser has the advantage of less water 
to circulate. However, for most installations, the jet con- 
denser requires more power for drive. The amount of this 
excess depends on the discharge head, the type and capacity 
of the air pump, and the vacuum at which the condensers are 
compared. With this excess determined, an excess charge 
in operating expense can be made. This should be taken at a 
fair rate per horse-power-hour for the total number of hours 
per year the condenser will be in service. This data provides 
another item for the final comparison. 

379. The Type Of Drive For Condenser Pumps, Whether 
Electric or Steam, depends entirely on the use that can be 
made of the exhaust steam. If other steam-driven auxiU- 
aries, such as drives for stokers, fans and boiler-feed pumps, 
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furnish sufficient exhaust steam to heat the feed water (Sec. 
265) it will not be necessary nor economical to have the con- 
denser auxiliaries steam driven. In accounting for the excess 
steam required by steam drives, it is customary to disregard 
a charge if all the steam can be used advantagously in heating. 
If the condenser auxiliaries are motor driven, the charge is 
usually determined by taking the water rate on the turbine 
from which the motor derives its power, allowing for all 
electrical losses, and thus arriving at the equivalent steam 
consumption per horse-power of the motor load. In most 
plants this will run from fifteen to twenty pounds of steam 
per horse-power-hour. The charge for the excess steam can 
then be determined from the cost of producing the excess 
steam that is required. 

380. In First Cost The Jet Condenser Has A Decided Advan- 
tage Over The Surface Condenser. — A jet condenser usually 
costs about half as much as an equivalent surface condenser. 
A standard low-level jet condenser for a 10,000 k.w. turbine will, 
at the present prices, cost about $30,000 delivered and erected. 
A surface condenser for the same turbine will cost about 
$65,000. It is this great difference in first cost that often 
renders the installation of the jet condenser justifiable. Such 
a wide difference in first cost will offset a considerable amount 
of capitalized savings. 

381. The Cost Of Maintaining Pumps Of A Jet Condenser 
Will Not Be As High As For The Surface Condenser.— This 
is because the jet condenser has only two pmnps and the 
surface has three. But the difference in these repair costs is so 
slight that it can usually be neglected. 

Note. — Pump Runners Mat Last From A Few Months To Several 
Years, depending on the kind of water being pumped. Hence it is 
infeasible to quote any general data on the cost of making runner 
replacements. 

382. As To The Relative Costs Of Cleaning Jet And Surface 
Condensers: the jet requires practically no attention, often 
operating for years without being opened. But a surface 
condenser must be cleaned frequently to prevent a serious loss 
of vacuum. The loss of vacuiun is due to the decrease of the 
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rate of heat transfer caused by dirty tubes and a consequent 
restriction in the flow of water through the condenser. The 
frequency of cleaning and its cost vary with quality of the 
cooling water. In some plants condensers must be cleaned 
weekly. In others they are cleaned monthly. Often they 




Fio. 31M. — Worthington Hydraulic Tube-Cleaner. 

are not cleaned at regular intervals but only after a definite 
loss in vacuum has been observed. The cost of cleaning 
varies with: (1) the character of the deposit on the titbe, (2) the 
method of cleaning, (3) facilities for handling the waier box 
covers, (4) the price of labor. This cost may vary from 2i 
or Si per sq. ft. per yr. to 15)^ or 20(* per sq. ft. per yr. 



Fio. 311S.— Seition Through I 



f Worthington Hydrv 



Tube-Cleaner. 



Note. — Bdilt-In-Tdbe-Clbaning Equipment Fob Subfacb Con- 
densers (Fig. 311A) ia very useful and economical where condensera use 
water which is economical where condensers use water which is apt to 
leave a deposit of vegetable matter, mud, or slime. In the device shown 
in Elg. 3I1A, a ball nozzle, B, may be attached to each manhole plate of 
the condenser. Through it a, cleaning nozzle, N, may be inserted. 
Water is led to the nozzle through the hose, H, at a pressure of 260 lb. 
per sq. in. The nozzle can be awui^ to different positions by handle 
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A on the outside of the condenser. The nozzle delivers about 70 gal. per 
min. which, it is claimed, will remove the mud from a completely-filled 
tube. With this device, the condenser tubes can be cleaned in a 
relatively-short time. 

383. An Important Item Of Surface-Condenser Expense, 
Is The Replacement Of Tubes. — Tubes may last several years 
or they may last only a few months, depending on the compo- 
sition of the tubes and the character of the water. Instances 
have been recorded where tubes have lasted for fifteen years 
but this is exceptional. In industrial communities, where 
the water is liable to be contaminated with sewage and refuse, 
five or six years is often an average life. Here again the limits 
are so wide that general figures would be misleading. At 
the present price of tubes assuming a 5-yr. life it would cost 
about ISff per sq. ft. per yr. for tubes alone, disregarding the 
cost of extra ferrules and packings, and the cost of installation. 
These latter items would increase the above-quoted value to 
at least 30^ per sq. ft. per yr. for replacements. 

384. The Selection Of The Proper Condenser To Serve 
A Steam-Driven Prime Mover Is A Problem In Power-Plant 
Economics. — A condenser, regardless of type, is installed in a 
modern power plant only because of the reduction which it 
effects in the cost of power. Operating condensing, as com- 
pared with non-condensing operation, cuts the cost of power 
approximately in half in large turbine stations. It is therefore 
essential that great care be exercised in making the selection, 
so that the full saving from condensing operation may be 
realized. Thus the problem of condenser application reduces 
itself to a calculation to determine which condenser equipment 
will produce power at the least cost. The following illustrative 
example explains the method : 

Example. — Decide between a surface and a low-level jet condenser for 
a 10,000 kw. plant, under the following conditions: 200 lb. per sq. in. 
steam pressure; 100 deg. fahr. super-heat; space no consideration; boiler 
feed treating costs 12f^ per 1,000 gal., including chemicals and attendance; 
abundant cooling water, available at a head of 10 ft., external to the 
condenser; surface condenser maintenance including cleaning and 
replacing tubes, 35^ per sq. ft. per yr.; maintenance on pumps, the same in 
either case; plant operating 7,000 hr. per yr. at an average condensing 
load of 100,000 lb. per hr.; condensers to be selected on the basis of 75 deg. 
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fahr. water and 28.25 in. vacuum; condenser pumps to be motor driven 
because no exhaust steam is required for heating the feed water. 

Solution. — First, select the sizes of the condensers: The installation 
will require a jet condenser circulating 12,000 gal. per min. or a surface 
condenser having 15,000 sq. ft. of surface and circulating 17,500 gal. per 
min. to give the required performance. The ratio of water to surface 
for the surface condenser has been taken in accordance with common 
practice for this low-head condition. The jet condenser will require 
340 h.p. for its drive and the surface condenser will require 230 h.p. 
The water rate on the main turbine is about 10 lb. per b. hp.h.r. Assuming 
that the motors will receive their power from the main unit at an overall 
transmission eflficiency of 82 per cent., including generator, motor, trans- 
former and line losses, the steam per h.p. hr. chargeable against the pumps 
will be : 10 -f- 0.82 or 12.2 Ih. per h.p. hr. It has been assumed that the cost 
to generate the steam will be 35^ per 1,0001b. and the motor-driven pumps 
are charged on this basis. 

For this plant it is assumed, if a jet condenser is used, that the 
water for boiler feed would be taken from the discharge side of the 
condenser thus realizing the advantage of the higher temperature. 
When condensing 100,000 lb. of steam per hr. the condenser chosen 
will have a discharge temperature of 91 deg. fahr. and the hotwell tempera- 
ture of the surface condenser would be about 92 deg. fahr. There is 
such a slight difference in these temperatures that the heat lost in the 
feed when using a jet condenser as compared that with the surface 
condenser may be disregarded without serious error. 

The costs of operating the surface as against the jet condenser may be 
summarized thus: 



Items 



Surface 



Jet 



Cost of boiler feed per year 

Cost of power for pumps 


$ 785 
6,875 
5,250 


$ 9,800 
10,160 


Maintenance, surface 




Pump maintenance, same 








Totals 


$12,910 
$ 7,050 


$19,960 


Saving in favor of surface 




Capitalized against jet @ 15% ... . 
First cost of condensers 


65,000 
2,000 


47,000 
30,000 


Cost of water treating plant 


15,000 


Totals 


$67,000 


$92,000 







From the above tabulation it is evident that the surface condenser has the 
advantage over the jet. Based on the saving effected by the surface con- 
denser, we could afford to pay $92,000 for it with the water treating 
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equipment, whereas it costs only $67, 000. This same conclusion could 
also have been reached by calculating net savings instead of capitalized 
savings. But the former method is usually preferable since it indicates 
directly whether the prices asked for the equipment are justifiable. 
The condensers used in this comparison were selected on the basis of 
common practice. 

QUESTIONS ON DIVISION 9 

I. How does a condenser save steam? Increase power output? 

5. Explain the operation of Newcomen's condensation engine. How did Watt 
improve this engine? 

8. What is the function of a condenser air-pump? Why is it necessary? 
4. How does the power required by the condenser auxiliaries compare with that 
developed by the condenser? 

6. How is condenser vacuum measured? How is it affected by weather conditions? 

6. What is approximately, the most profitable vacuum for reciprocating engines? 
For turbines? Why the difference? 

7. Give a few advantages and disadvantages of condensing operation. 

8. How may condensers be classified? Name three classes of jet condensers. 

9. What is the cooling medium commonly employed in condensers? 

10. Name three classes of surface condensers. 

II. Explain the operation of a standard low-level jet condenser making a sketch of 
the main parts. How is water in this condenser prevented from getting into the engine? 

15. How is a standard jet condenser started and stopped? 

18. How should two jet condensers be connected when they are used on the same 
exhaust line? 

14. How is the air removed in the ejector jet condenser? 

16. What are the functions of the tail pipe of a barometric condenser? Explain 
how and under what conditions a siphon or barometric condenser may be started and 
operated without a pump. 

16. What, approximately, should be the velocity of the entering steam in a jet con- 
denser? Velocity of cooling water issuing from a* standard jet condenser? From an 
ejector jet condenser? From a siphon condenser? 

17. On what does the quantity of cooling water for a jet condenser depend? 

18. Explain by a sketch the operation of a double-flow, dry-tube, horizontal, surface 
condenser having separate air and condensate pumps. Explain the counterfiow princi- 
ple as used in this type of condenser. 

19. What is the composition of the tubes, tube sheets and shells of most surface 
condensers which use salt water for cooling? 

50. What factors determine the heat-transfer coefficient of a surface condenser? 
Give approximate values for the tube surface required per turbine kilowatt developed. 

51. What is meant by temperature "drop" in a condenser? Give representative 
values for it. 

55. What kinds of pumps may be used as condenser circulating, condensate and dry- 
air pumps? 

S8. How are reciprocating pumps designed for high-vacuum pumping service? 
84. Where may leaks occur so as to impair condenser vacuum? How may they be 
located? 

86. State the usual causes of the failure of a jet condenser to get sufficient water and 
explain remedies. 

56. How may an operator know whether decreased vacuum is due to leaks or to 
increased load? 

87. How may a jet condenser be started if it has become hot? 

88. How is a steam table used in determining whether or not a condenser is reasonably 
tight and efficient? What is another way of testing for tightness? 

89. Explain methods of cleaning condenser tubes inside and outside. 
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so. What are the relative importance of space, head-room and maintenance changes 
in selecting a condenser? 

SI. How may cooUng-water supply affect the selection of a condenser? 

S2J What is a typical value for the cost of purifying feed water? How does this 
value enter into condenser selection? What per cent, of the original boiler feed is 
ordinarily recovered by a surface condenser? 

99. Why must a jet-condenser circulating pump always work against a 30 ft. greater 
head than a surface-condenser circulating pump under the same conditions? How 
may the pumping economy of a jet condenser equal that of a surface condenser in spite 
of this fact? 

54. How do the first costs of surface and jet condensers compare? Cost of cleaning? 

55. Explain with an example how the economic advantage of two condensers may be 
compared on the basis of capitalised saving. 

PROBLEMS ON DIVISION 9 

1. Steam is admitted to a steam turbine at 450 deg. fahr. It is exhausted at 225 deg. 
fahr. when running non-condensing and at 80 deg. fahr. when running condensing. 
What are the greatest possible thermal efficiencies when running condensing and non- 
condensing? 

2. If an engine has a mean effective pressure of 78 lb. per sq. in. running non-con- 
densing, what will be the saving in power due to condensing operation with a 26.5 in. 
vacuum? 

9, A turbine consumes 22 lb. of steam per h.p.hr. at 185 lb. per sq. in. abs. when run- 
ning non-condensing, exhausting against 1 lb. per sq. in. back pressure. What will be 
its steam consumption if its exhaust is condensed in a 29 in. vacuum? 

4. The vacuum gage of a condenser indicates 27 in. of mercury. The barometer 
registers 29.8 in. of mercury. What is the absolute condenser pressure in inches of 
mercury? In lb. per sq. in.? What per cent, of the vacuum possible at the prevailing 
barometric pressure does this represent? 

5. A siphon jet-condenser is required to condense 10,000 lb. of exhaust steam per 
hour with 36 lb. of cooling water per pound of steam. The velocity of the discharge 
through the tail-pipe is 5 ft. per sec. What should be the volume of the condenser? 
What should be the diameter, in inches, of the tail-pipe? 

6. The vacuum gage of a jet condenser registers 27 in. of mercury. The barometer 
registers 30 in. The temperature of the cooling water at entrance is 80 deg. fahr. The 
temperature of the discharge is 105 deg. fahr. The engine exhausts 10,000 lb. of steam 
per hour. What is the temperature-difference between the discharge-water and the 
entering steam? How many gallons of cooling water are required per minute? 

7. The vacuum gage of a surface condenser registers 28 in. of mercury. The barome- 
ter registers 29.5 in. The condenser receives 10,000 lb. of exhaust steam per hour. 
The cooling water enters at a temperature of 67 deg. fahr. and leaves at a temperature 
of 87 deg. fahr. The temperature of the condensate is 85 deg. fahr. How much cooling 
water is used per hour? 

8. A surface condenser condenses 150,000 lb. of steam per hr. at an absolute condenser 
pressure of 1.1 in. of mercury. The circulating water enters the condenser at a tempera- 
ture of 60 deg. fahr. and leaves at a temperature of 77 deg. fahr. The condensate temper- 
ature is 80 deg. fahr. The condenser is of a modern dry-tube type. The velocity of the 
cooling water is assumed to be about 5 ft. per sec. What is the required area of tube 
surface? 



DIVISION 10 

METHODS OF RECOOLING CONDENSING WATER 

386. Condensing-Water For Steam And Ammonia Con- 
densers May Be Used Over And Over Again if some means for 
re-cooling it economically is available. Re-cooling of con- 
densing water may be necessary when, due to material limita- 
tions, or for economic reasons, an ample supply of the water 
is unavailable. Re-cooling of the water conserves the water. 

386. The Cooling Effect Of Cooling Ponds, Sprays and 
Cooling Towers, on condensing water is due to three causes. 
(1) Evaporation of the water. (2) Direct heat transfer by con- 
duction and convection, which is of minor consequence as 
compared to that of the evaporative effect. (3) Direct heat 
transfer by radiation which also is of minor consequence. The 
cooling effect of evaporation is due (See the author's Practical 
Heat) to the fact that whenever a liquid evaporates — when 
it is transformed into a vapor — an amount of heat equivalent 
to its latent heat of vaporization must be absorbed by it to 
effect the vaporization. In the atmospheric cooling of 
condensing water, practically all of this heat which is required 
to effect the evaporation of the condensing water is abstracted 
from the unvaporized portion of the condensing water itself. 
Thereby the remaining portion of the water is cooled. A 
minor portion of this heat which is required to effect the 
evaporation is abstracted from adjacent air and objects. 

Note. — The cooling effect of the direct heat-transfer (See the author's 
Practical Heat) is usually of minor consequence; see Note under 
Sec. 399. This direct-heat-transfer cooling effect is caused by the heat 
in the condensing water being conducted and radiated into the surround- 
ing air and objects. 

387. Atmospheric Recooling Of Condensing-Water, after 
the water has been discharged from the condensers, may be 
promoted by bringing the water into intimate contact with 
the air of the atmosphere and by the evaporation of a part 
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of the water. Intimacy of contact with the air and ample 
surface to promote effective evaporation is aecured by break- 
ii^ up the mass of water into a fine spray or into a multitude 
of tiny streams or rivulets or by spreading it out over an 
extensive area in a shallow pond. The recooling effect 
depends upon: (1) The temperature-difference between the 
water and the air. (2) The relative humidity of the air. High 
humidity and high air-temperatures are drawbacks to satis- 
factory re-cooling. (3) The degree of contact^nUmacy. 



For Coolins The Water For Double- For Ctwiinf The Water For Aa Atmoo- 

Pipe Ammonis Condenaer. pheris Ammoiua CoDdeoHT. 

Note. — Profitable operation of an atmospheric recooling system is, 
in general, mainly depcndnnt upon the degree of effectiveneaa with which 
all parts of the water arc brought into contact with the air. 

Notes. — Modbbn-Typb Steam-Con densbbs Ordinarilx Operatb 
(Sec. 328) With Vacua Ranoinq Frou About 26 In. To 28 In. of 
mercury column. Aaauming the temperature of the water entering 
the condenser to be about 85 deg. fahr., the discharge temperature, 
corresponding to the vacua above noted, would range from about 90 to 
no deg. fahr. 
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The Tempbrature Of The Water Leaving An Ammonia Condenser 
(Figs. 312 and 313) of the submerged type may be from about 75 to 
80 deg. fahr., while the water from an atmospheric ammonia-condenser 
may during the summer months have a temperature of from about 75 to 
85 deg. fahr. This subject is discussed in the Author's Mechanical 
Refrigeration. 

The Temperature and Relative Humidity Of The Atmospheric 
Air (Table 388) are dependent upon the locality and the season of the 
year. For practical purposes, the local weather bureau reports may be 
referred to for this information. But where these are not obtainable, 
the relative humidity (see the author's Practical Heat) must be deter- 
mined (Sec. 389) by the use of instruments made for the purpose. 

389. To Determine The Relative Humidity Of The Air, a 

sling psychrometer (Fig. 314) may be used. This instrument is 
formed with two ordinary thermometers. The dry bulb of one 

Ti, is dry and bare, so as to be exposed 
directly to the temperature of the air. 
The wet bulb of the other, Tj, is covered 
with cotton gauze or cloth which is satu- 
rated with water. 



Explanation. — If air is blown over the two 
thermometers, or if they are swung by rotating 
the handle, H^ rapidly through the air, the one 
having the "wet bulb" will generally show a 
lower reading than the one with the "dry bulb." 
This is due to the fact that, in general, atmos- 
pheric air is not fully saturated (see the author's 
Practical Heat). It will still have some 
capacity for absorption of moisture. Therefore 
it will absorb moisture from the wet gauze which 
envelopes the "wet bulb." A cooling effect, due 
to evaporation of the moisture in the gauze, is 
thereby produced. 



Supporting Eye 




HryBulb 
/ThnrmomeHr 



mtBu/b 
Thermometer-^ 



' ' •Mofsteneol- 
Cheese Ctofh 



FiQ. 314. — Sling Psy- 
chrometer For Determin- 
ing Relative Humidity. 



390. The Relative Humidity Of The 
Air Is A Function Of The Temperature - 
Difference Indicated By The Wet- And Dry-Bulb Ther- 
mometers Of A Sling Psychrometer (Fig. 314). Hence, when 
the temperature-difference shown thereby is known, the 
corresponding relative humidity may be computed therefrom, 
or it may be obtained directly from the results of such com- 
putations, which are given in Table 393. How these relative- 
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humidity values are utilized in practical computations will be 
hereinafter explained. 

Note. — When there is no difference (Table 393), between the readings 
of the wet- and dry-bulb thermometers (Fig. 314), then the air is fully- 
saturated with moisture. That is (Sec. 387), the air has absorbed as 
much water as it can possibly retain, at the given temperature, in a 
vaporous condition. Hence, no cooling effect, due to evaporation from 
the wet bulb, can result. The relative humidity is then 100 per cent. 
(see the author's Practical Heat). 

Example. — When the dry-bulb thermometer (Fig. 314) reads 70 deg. 
fahr., and the wet-bulb thermometer reads 60 deg. fahr., the temperature- 
difference = 70 — 60 = 10 deg. fahr. The corresponding relative humid- 
ity, from Table 393, is 56 per cent. This value is found in the same 
horizontal column with the given value, 70, of the air-temperature and 
in the same vertical colunm with the computed value, 10, of the tempera- 
ture-difference. 

391. The Limit Of Atmospheric Cooling Is The Wet-Bulb 
Thermometer Temperatture. — Careful investigation proves 
that this is the lowest temperature attainable by cooling in 
free contact with the atmosphere (Cooling Tower Company). 
This temperature is, then, a measure of the efficiency of any 
atmospheric-cooling device. Perfect apparatus, that having 
an efficiency of 100 per cent, would reduce the temperature 
of the cooled water to that of the wet bulb. The number of 
degrees temperature decrease thus effected, would be the 
ideal range. The number of degrees temperature decrease 
attained in practice is the actual range. Hence: Actiuil range 
-5- Ideal range = Efficiency of the apparatus, or the percentage 
of the ideal which is actually reahzed. See Sec. 392 for the 
formula which expresses this relation. 

Note. — The wet-bulb temperature, therefore, bears the same relation 
to atmospheric cooling that the barometic height does to condenser 
vacua. It is the ideal minimum temperature which can be approached 
infinitely close but which can never be passed. How nearly this ideal 
minimum temperature may be attained is determined by: (1) WcUer dis- 
tribution. (2) Cooling surface. (3) Air supply. Incresising the effec- 
tiveness of any or all of these elements decreases the : first cost, operating 
expense, and maintenance expense. There is then, a certain degree of 
attainment toward the ideal past which it does not pay — ^in dollars and 
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cents — ^to proceed. The determination of this "point of maximum econ- 
omic effectiveness** is a problem for specialists. 

392. The Efficiency Of Any Atmospheric Cooling Device, 

cooling pond, spray nozzle installation or cooling tower, may 
be computed by the following formula : 

(92) fi = 100 '^^' " I^' (per cent.) 

I f I ~ I fro 

Wherein E = the efficiency, in per cent. Tf\ = the tempera- 
ture, in degrees Fahrenheit, of the water coming to the cooling 
device. 2/2 = the temperature, in degrees Fahrenheit, of 
the cooled water leaving the device. Tfy, = the wet-bulb 
temperature of the surrounding atmosphere in degrees Fahren- 
heit, corresponding to the given relative humidity, as com- 
puted from Table 393. 

Example. — The temperature of the water entering a cooling-tower is 
108 deg. fahr. The temperature of the water leaving the tower is 88 deg. 
fahr. The temperature and relative humidity of the outside air are, 
respectively, 70 deg. fahr. and 60 per cent. What is the eflSciency of 
the tower? 

Solution. — By Table 393, the difference between a dry-bulb tempera- 
ture of 70 deg. fahr. and the corresponding wet-bulb temperature, for 
61 per cent, relative humidity, is 11 deg. fahr., while the difference for 
48 per cent, relative humidity is 12 deg. fahr. Therefore, the wetrbvXb 
temperature corresponding to 60 per cent, rdaiive humidity = 70 — { 11 + 
[(12 - 11) -4- (61 - 48)]} = 68.7 deg. fahr. Then, by For. (92), the 
efficiency of the tower = E = lOOKT/i - Tfi)/(Tfi - T/„)] = 100 X 
[(108 - 88) ^ (108 - 68.7)] = 61 per cent. 
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391. The Weight Of Water Vapoi Which Is Cootained In 
A Cubic Foot Of Atmospheric Air Is Detemuned B7 The Tem- 
perature And The Relative Humidity Of The Air. — The graph 
Fig. 315 indicates the relation between temperature and weight 
for air of 100 per cent, relative hu- 
midity. To obtain the weight at 
any relative humidity other than 
100 per cent,, multiply the value 
taken from the graph by the 
known relative humidity expressed 
decimally. 
Fio. BIS.— 0™ph showint Be- EXAMPLE. — The temperature of a cer- 

w'^°ht^of''ZJ™^Yo"i'^^ ^ ^°'"'"« ?f. *'': ^ ™ ^- **'»'■ ^^*" 

Ft. or Air Of 100 Per Cent. Beta- relative humidity is 55 per cent. What 
tivs Humiditf. is the weight, per cubic foot, of ita 

moisture content. Solution. — From 
the graph of Fig. 316, the weight of the water-vapor content in 1 cu. 
ft. of air, at 100 deg, fahr, and at 100 per cent, relative humidity, is 0.003 
lb. Hence, for 55 per cent, relative humidity, the maialuTe content of 
the air - 0.003 X 0.55 - 0.00165 lb. per cu. Jl. 

Note. — When air is "saturated," its relative humidity is then 100 
per cent, and the weight of water-vapor content in it is a maximum. 
Hence, for saturated air, the weight of its water-vapor content is deter- 
mined solely by the temperature. Like- 
wise, assuming any constant relative 
humidity, the weight of the water vapor 
content will be determined solely by the 
temperature. 

396. The Water Vapor Pressure 
Exerted By Water Vapor In Air Is 
Determined By Its Temperature 

And By The Relative Hmmdi^.— ution Between tC xemp^tu™ 
Water-vapor-preesure values are *■"* ^'i*"' p™"u" Of saturated 

J . ,. ^i_ or ,. Water Vapor (Or Of Water Vapor 

used m computmg the effectiveness in Air or 100 Per cent, hu- 
of cooling ponds and towers and •^•^''yl- Thew am Merely vai- 

... J ■ ^ ,. UM Plotted From A steam Table. 

Similar condensing -water -cooling 

arrangements. The graph of Fig. 316 shows the relation 
between temperature and vapor pressure for saturated-air 
water vapor, that is, for the water vapor in air which is of 100 
per cent, humidity. 
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Note. — To Obtain The Water-Vapok Prbsbiire Exerted Bt 
Vapor In Un-Satdrated Air, multiply the pressure value (taken from 
Pig. 316) which corresponds to the known temperature, by the relative 
humidity, expreeeed decimally. 

396. Three Principal Devices For Bringing The Water And 
Air Into Intimate Contact In A Recooling System are com- 
monly available. Tliese are: (1) The simpU cooling pond or 
tank (Fig. 317). (2) The spray-fmmtain (Fig. 318). (3) 
The cooling-tower (Fig. 319). Each of these devices has its 
particular field of application, as will be shown in following 



397. Cooling Ponds May Satisfy The Requirements Of A 
Recooling System Where Ample Ground Space Is Available. 
The operation-expense of a simple cooling pond ifl very low. 
The power-cost may be, and often is, practically zero. Gen- 
erally, however, for plants exceeding about l,00O-h,p, capacity, 
the area and investment necessary for aa adequate cooling 
pond would be so extensive that the annual cost of the pond 
would be prohibition. Hence, for the larger plants, more 
compact devices, as spray fountains and cooling-towers, may 
be more economical and satisfactory. 

398. The Rate Of Evaporation From A Simple Cooling 
Pond, When The Air Is Perfectly Calm, may be (Jomputed 
by the following formula : 

(93) W = (243 + 3.7T/)(P.-P,M) (grains per sq.ft. perhr.) 
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Wherein W = the weight of water evaporated, under cahn 
air, in grains per square foot per hour; it may be increased 
materially by the effect of wind; see following note. Tf = 
the temperature of the water, in degrees Fahrenheit. Pv = 
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Fio. 318. — Diagram Showing Schutte And Koerting Double Spraying Sjrstem. In 
Winter One Side Is Shut Down. (Spray nozzles are set at an angle of 45 degrees to 
the horizontal.) 



the vapor pressure, in inches of mercury-column, as taken 
from the graph (Fig. 316), for saturated air at the given 
temperature. M = the per cent., expressed decimally, of 
the relative humidity of the air, as found in Table 393. 
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Note. — In tbe eicpression "{Pv — PJH)," in the above equation, "P," 
is the vapor pressure which would be exerted by a saturated air vapor 
at the given temperature and "P,M" is the vapor pressure actually 
exerted by the non-saturated air vapor under consideration. Ilieir 
difference is a measure of the tendency to promote evaporation. See 



I-Cotd-IWILcwt Robed To I«mit ItCokHhIl Wxhr iMl Imnd ror 

Fwud DFWft Optrcitbn Noitural Bnm Operation 

Flo. 319.— Worthington Cwdiin-Tower UbLub Either Forced Or Natural Draft. 

Note. — In PaAcncE, The Weight Of The Evaporation may, due 
to normal wind velocities, be from 2 to 12 timea greater than the value 
obtained by the preceding formula. A fair average is from 6 to 8 times 
the computed value. 

Note. — For. (ft3) may be rewritten as follows: 

CM) W„.««- +™''- -'■•"' ab.p.,.,.t..pe,hO 

Wherein W^ = weight of water evaporated, under calm air, in pounds 
per square foot per hour. T/, P, and M are flS given in For. (93). 
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Example. — The temperature of the water in a cooling pond is 80 deg. 
fahr. The air-temperature is also 80 deg. fahr. The relative humidity 
is 75 per cent. Assuming that the prevailing wind-velocity multiplies, 
8 times, the rate of evaporation under calm air conditions, what is the 
approximate rate of evaporation, in pounds per square foot per hour? 
How many square feet of the pond surface are required to give off each 
pound 6f the evaporation? Solution. — The graph of Fig. 316 shows 
the water vapor pressuie corresponding to a tempercUure of 80 deg. fahr, — 
1.0 in, of mercury-cclumn. By For. (93), the raie of evaporation in calm 
air ^W ^ (243 -|- 3.77/) (P, - PM) = (243 + 3.7 X 80) X [1 - (1 X 
0.75)] = 134.75 grains per sq. ft. per hr. The avoirdupois pound con- 
tains 7,000 grains. For the prevailing wind-velocity, the approximate 
rate of evaporation = (134.75 X 8) -f- 7,000 = 0.154 lb. per sq. ft. per hr. 
Therefore, 1 -5- 0.154 = 6.49 sq. ft. per lb. per hr, = number of square 
feet of pond surface necessary to evaporate 1 lb. of water per hour. 

399. The Evaporation* Of One Pound (1 lb.) Of Condensing 
Water Is Equivalent To The Abstraction Of About 1,000 B.tu. 
From The Water. — This is true because, as shown in any 
steam table, the latent heat of vaporization (or evaporation) 
of water vapor is, for the vapor pressures encountered in 
cooling-pond, spray-nozzle and cooling-tower practice, about 
1,000 B.t.u. The approximate vapor pressure in any instance 
is that, as taken from the graph of Fig. 316 corresponding to 
the existing air temperature. The exact vapor pressure is 
that taken from Fig. 316 for the given air temperature, multi- 
pUed by the relative humidity. The relative humidity may 
be obtained as explained in Sec. 390. 

Example. — If 8 lb. of water evaporates from the water in a cooling 
pond, a spray pond or a cooling tower, there will thereby be abstracted 
from the water in the pond approximately: 8 X 1,000 — 8,000 B.t.u. 

Note. — With low air-temperatures, radiation of heat from the pond, 
and transfer of heat to the air by conduction and convection, assist, to 
some extent, in cooling the water. The loss of heat by evaporation may 
under this condition, be somewhat reduced. With high air-temperatures, 
the reverse is true. It is generally observed that, in moderately -warm 
weather and under ordinary conditions, approximately 90 per cent, of 
the cooling effect is due to evaporation and 10 per cent, to other causes. 

400. In Estimating The Requisite Surface Area For A 
Simple Cooling Pond, for cooling the circulating water of a 
steam condenser, (Fig. 320) it may, safely, be assumed that: 
(1) The tQtal heat given up or lost by the cooling-pond water is 
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solely that abstracted from the water by evaporation. (2) The 
total heat imparled to the water is the heat given thereto in the 
condenser by the steam during its condensation therein. HeDce, 
if the temperature of the condenBing water in the pood is to 
be maintained constant, the pond area muat be sufficiently 
great that it will, by ite evaporative effect, release the Bame 
amount of heat per hour ae is imparted to it per hour by the 
condensing Bteam. Now, it may also be assumed that the 




,, which is given up to the condensing water by 
1 lb. of steam when the steam is condensed, is equal to the 
heat, in B.t.u., which is abstracted from the cooling-pond 
water by 1 lb. of the water when it evaporates. In both cases, 
the amount of heat is about 1,000 B.t.u.: 

Therefore; The approximate requisite total pond-area wiU 
resuU if the area (Sec. 398) which is required to give off 1 lb. of 
evaporation per hour, is multiplied by the number of pounds 
(^ steam which is condensed per hour. 

Note. — The Above Abbwmptions Abe Not SrRierLY Accttbate. 
But iDflamuch as the resulting values which are obtained by using For. 
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(93) and (94) must be increased (Sec. 398) by from 2 to 12 times to cor- 
rect for wind effect, the above-indicated method is sufficiently accurate 
for estimating. 

Note. — The Cooling Effect Of The "Make-Up" Water May Be 
Disregarded because the make-up water — ^that which must be replen- 
ished because of evaporization, windage and other losses — ^is less than 
2 to 3 per cent, of the total amount of water which is circulated. The 
variation in evaporative effect due to wind (Sec. 398) will more than 
offset the coohng effect of the make-up water. 

Example. — A steam condenser (any type) is required to condense 
3,600 lb. of exhaust steam per hour. The water will be discharged to a 
cooling pond for recooling. The temperature of the discharge water 
will be 80 deg. fahr. The air temperature is also 80 deg. fahr. The 
relative humidity is 75 per cent. What should be the area, in square 
feet, of the cooling pond? 

Solution. — It is computed in the Example under Sec. 398 that, under 
the conditions just specified, each 6.5 sq. ft. of pond area will evaporate 
1 lb. of water per hour. Hence (Sec. 400: Total pond area = Area re- 
quired to give of 1 Jh. evaporation per hour X Number of pounds steam 
condensed per hour), the total pond area should be: 6.5 X 3,600 = 23,400 
sq. ft, 

401. The Requisite Area For A Simple Cooling Pond 
Cannot In Any Case Be Computed Precisely, due to the 

numerous variables which are involved. The most important 
of these are (1) the temperature and humidity of the air (Sec. 
387) (2) the solar reheating effect and, particularly (3) the wind- 
velocity (Sec. 398). The type of condenser and the kind of 
condenser-service, whether steam or ammonia, may also 
affect the problem. 

Note. — When A Cooling Pond Is Located On The Roof Op A 
Building, There Is More Solar Reheating. Hence, in such loca- 
tions, the pond area must, usually, be greater for an equivalent effect. 
If spray nozzles are used over a roof pond, the same number spaced in 
the same way will not, ordinarily, give as good results as over a surface 
pond. 

402. Some Cooling-Pond-Area Data Are: It has been 
determined (Proceedings A. S. M. E., Ayr., 1912, page 607) 
that, in the northern part of the United States, 120 sq. ft. of 
cooling-pond surface will suffice for 1 h.p. of steam-condenser 
service. This value is based upon a 26-in. vacuum and a 
steam consumption of 15 lb. per h.p. per hr. Cooling-pond 
area is sometimes determined upon the assumption that 8 sq. 



Sec. 4031 METHODS OF RECOOLING CONDENSING WATER 343 

ft. will suffice for each pound of steam coudeiiBed. Also, 
that 1 Bq, ft. of pond area will give oft 4 B.t.u. per hour per 
deg. f ahr. difference between the water-and air- temperature 
in summer, and 2 B.t.u. in winter. 

403. The Depth Of Simple Cooling-Ponds is usually from 
3 to 4 ft. The depth has little influence on cooling effective- 
ness, provided the surface-area is ample, since the cooling is 
determined almost wholly by the surface area which is exposed 
to the air and from which evaporation can take, place. 

404. Spray Fountains Are Often Used In Connection 
With Coolii^-Ponds.— This arrangement (Fig. 318 and 321) 



permits of a considerable reduction in the area of the pond. 
The fine division of the water particles by the sprays (Fig. 
318) insures a maximum of water surface in small space and 
thereby facititates the cooling effect due to evaporation and 
air contact. 

Note. — The paaaage of the water through the cores of the nozzlea 
(Figs. 322 and 323) on a spray fountain, breaks it (Figs. 324, 325 and 326) 
into a fine miat. These nozzles are, generally, set either vertically 
(Fig. 324), St an angle of 45 deg. with the horizontal (Fig. 318), or at an 
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angle of 60 deg. with the horiiontol (J, F^. 327). These arrangements 
secure & wide distribution of the spr&y. They also tend to induce air- 
ourrenta, even on calm days, which greatly augment the cooling effect. 




Sfam^nl Fix rhrtool, Usaallj^Jb ! I 

'I a. 3 2 2.— Badttn- Bpray Noiile. 
(BkdsBI A SODB Co., BoatoQ.) 



Fia, 323.— Koerting MulU-Spra? Noule. 



Fia, 324.— Fori 



m Single Spray-Noiile. 



406. The Conditions Which Mainly Control The Amount 
Of RecooUng Produced By Spray Fountains have been deter- 
mined by testa. It has been demonBtrated (Fig. 328): (1) 
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That reeocding is more affected by the air-temperature and 
humidity than by the temper(Uure of the water coming from the 



Fio. aZfi.— Fori 



condensers. (2) That with SO to 90 per cent, relative humidity, 
the water-tomperature can be Unoered to within 12 or 13 deg. 
fahr. of the dry-bulb air-temperature. (3) That mith 20 to 30 



per cent, relative humidity, the waler-temperature can be lowered 
about 8 deg. fahr. below the dry-bulb air-temperature. (4) Thai 
the loss of water is usually about 6 per cent. 
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Fio. 827.— UtUiiing Roof-8piiee For Spray-Cooling. (Koertinc.) 



328.— a»ph 0{ 8pni 
Bilver Springe, New 
•ion = 5.000 gHl. per min. on Bteam- con denser duty. The enpacily (die) o< 
lilies was eo gal. per min. at aH lb. per sq. in. pressure. The vidoc of " K." 
the guarantee equstian. For. (OS), wu " S.7.") 
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406. To Compute The Temperature Reduction Which Can 
Be Effected By A Spray-Nozzle Installation the following 
formula can be used. It is quoted from The Cooling Tower 
Company's Catalogue and is the basis of its guarantees. 

(95) Tf2 = 

{ (T,r+m + (T,, + m J ^ _ (r,. + 460)' 



r/i- 



Kn X 100,000,000 



Wherein, all temperatures are in degrees Fahrenheit and; 
Tf2 = temperature of cooled water after spraying. T/i = 
temperature of water before spraying. T/x = (4r/«, + T/d) 
-7- 6. T/d = dry-bulb-thermometer or air temperature. T/u, 
= wet-bulb-thermometer temperature. Kn = sl constant = 
5.1 for average installations operating at 63^ lb water pres- 
sure but it may vary from 4.0 to 5.7. These values for Kn 
were determined from tests made by the Cooling-Tower 
Company using the impact nozzle of Fig. 326. Kn varies 
with the type, size and spacing of the nozzles and with the 
water pressure and wind velocity. For equal operating pres- 
sures and atmospheric conditions, the value of Kn depends 
mainly on the pond exposure, the size of the nozzles and the 
ratio of pond area to water sprayed. 

Note. — The Predetermination Of The Proper Value For iS^, 
for any given installation, requires extensive experience in this branch 
of engineering. Consequently, to design a cooling system which wiD 
develop a given value of Km a thorough knowledge of the local conditions 
is necessary as well as a practical understanding as to the effects of such 
conditions. It is feasible, should the service conditions justify the expen- 
diture, to so design the system that the value of Kn will be as low as 4.0 
or even less. 

Example. — See Fig. 328 which indicates the approximate agreement of 
of actual observed values with values obtained by computation with 
For. (95) using a value of 5.7 for K». 

Note. — By using values from Table 388, the probable temperature 
reduction which may be expected in any locality can be computed. 

Note. — Performance Guarantees On Combined Condenm}r-And- 
Spray-Cooling Outfits can be obtained from certain manufacturers — 
Schutte & Koerting Co. for example. In such guarantees, the vacuum 
performance of the condenser is based on the outside-air temperature — 
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not on the temperature of the injection water; a standard relative humid- 
ity as is assumed. 

407. The Size And Number Of Nozzles To Be Used In A 
Spray-Fountain (Table 408) depends upon the quantity of 
water to be handled. It is commonly assumed that a single 
spraying system will, under normal conditions, cool the water 
about 20 to 30 deg. Fahr. This is considered sufficient 
(Table 410) for ordinary steam-condenser service. However, 
it is often considered desirable to spray from 26 to 55 per cent, 
of the condensing water a second time before sending it 
through the condenser. 

408. Table Showing Spray-Nozzle Capacities In Gallons 
Per Minute. (Schutte & Koerting Company) . 

Note. — Nozzles of 2-in. pipensize are most frequently used. These are 
commonly regarded as the most economical. The outlet orifice in the 
tip of a 2-in. nozzle has a diameter of about 0.8 in. The hydraulic 
pressure required to force the water through the nozzles should never 
exceed about 14 lb. per sq. in., gage. 



Pipe-size of 
nozzle, in inches 


Pressures on nozzles, in poimds per square inch 


5 


6 


7 


8 


9 


10 


2 


54 


60 


65.5 


70.5 


75 


78 


2H 


77 


85 


92 


98 


103 


106 


3 


115, 


125 


133 


140 


146 


151 



409. The Spacing Of The Nozzles In A Spray-Fountain 

depends mainly upon the design and size of the nozzles. 
Centrifugal nozzles of 2-in. size are usually spaced about 8 to 
10 ft. from center to center. Nozzles of larger size may be 
set proportionately further apart. 

Note. — A typical installation, spraying 4,800 gal. per min., consists of 
9 rows of nozzles, with 8 nozzles in each row. Thus, e<ich nozzle sprays 
4,800 -^ (9 X 8) = 66% gal. per min. The rows are 20 ft. apart, and the 
nozzles are spaced 13 ft. between centers. A 2-in. nozzle (Table 408) at 
a little over 7 lb. per sq. in. water pressure would meet these requirements. 
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411. The Ground-Area Required For Spray-Fountain Ponds 

is much less than that required for simple cooling-ponds. It is 
commonly assumed that for small plants, under 500 h. p., 1 sq. 
ft. of surface will suffice for the cooling of 150 lb. of water per 
hr. For plants of about 5,000 h.p., 1 sq. ft. of surface will 
usually suffice for the cooling of 250 lb. of water per hr. For 
plants of about 1,000 h. p., 1 sq. ft. of surface may be assumed 
as sufficient for the cooling of 200 lb. of water per hr. 

Note. — Spray-Fountains Should Be Surrounded By Wind- 
Breaks, in order to avoid excessive water-loss, <Jue to heavy winds. 

412. Spray-Fountains Are Sometimes Located On Power- 
House Roofs (Fig. 327). This is usually done where ground- 
area is unavailable. The extra power required for elevating 
the condensing water may, with some types of condenser 
installations (Fig. 327), be offset by utilizing the hydrostatic 
head, thus obtained, for sending the recooled water through 
the condenser. 

Explanation. — The water from the hot-well (Fig. 327) is pumped to 
the spray-nozzles J, by the centrifugal pump, G, through the discharge- 
pipe, H. The recooled water in the spray, V, runs into the trough K. 
It then flows through the low-level-jet eductor condenser C, under the 
head due to its elevation above the hot-well. 

413. The Power Required To Operate A Spray-Fountain 

in connection with a steam-condenser equipment is not great. 
The pressures generally used seldom require more than 1.5 to 
2 per cent, of the main-engine power. This is equivalent to 
about 10 per cent, of the power saved by condensing over non- 
condensing operation. Very often, the circulating pump (Sec. 
353) may be used to deliver the water directly to the nozzles. 
Installation of additional pxmaping equipment is thereby 
avoided. This can generally be done with surface-condensers 
(Sec. 335) and low-level jet- or eductor-condensers (Sec. 336) 
but not (Sec. 339) with barometric condensers. 

414. A Cooling-Tower (Fig. 319) consists, essentially, of a 
tall, narrow, wooden or sheet-iron structure, so arranged 
internally that after the warm condensing-water has been 
elevated to the top under pump-prefssure, it will fall, by gravity, 
in a multitude of thin sheets or trickling streams, into a reser- 
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voir or sump, S, which is located beneath the tower, Infalling 




Fjo 330— Wheel 



sling-Tower Sp\Bth 







I above tha other. 



it is cooled by the air which surrounds it. The devices for 
dividing the water into fine sheets, droplets or sprays may 
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consist of: (1) Checker work (Fig. 329). (2) Corrugaied sur- 
faces. (3) Troughs or baffies (Fig. 330 and 33 1) . (4) Galvanized 
eteel wire screens or perforated trays. (5) Af asses of tUe-tubing 
or gabianized iron pipes (Fig. 332) set verticaJiy. 



_,..*itn*c*% Pjj**.. 




\UrMmiltf 
Fto. 332. — InterlocUiis Pipe FiUina In Mixiac Chamber Of WorthinctiMi Tower. 

Note. — In %vety case, the tower is open at the top, and is so arranged 
at the bottom that atmoepheric-«ir will circulate (either by natural draft 
or by pressure of a fan-blower) through the descending water. The 
water gives up its heat to the ascending air-cun«nto by evaporation, 
convection and radiation. 



Burhorn" Open Or Atmospheric Cooling Tower. {Louvres wmoved 



Note. — Frou 75 To 85 Per Cent. Of The Rbcoouno Effected 
In a Coounq-Tower Results From Evaporation in most power 
plant installations. The percentage of recooling effected by conduction, 
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connection and radiation, both in the tower and from the piping which 
conveys the water thereto, is UBualiy, in power plants, comparatively 
insignificant probably rarely exceedii^ more than 2 per cent. But where 
toweiB are used for cooling water from high temperature stills, where the 
cooling range may be tOO deg. fahr. or more, then, the combined cooling 
effect due to radiation and conduction may be greater than that due to 
evaporation. 



[Q. 336. — Worthington Forced Draft 
Cooling-Towet. 

Wood Checker Work (Fig. 329) Foe Coouno Towbes usually con- 
sists of 1 X 4-in. cypress or swamp-cedar boards set on edge and spaced 
about 4 in. apart, 

416. Cooling Towers May Be Divided Into Four General 

Classes: (1) O'pen or atmoepheric-lowers {Fig. 333) using 
natural draft. (2) Closed or chimney-five towers (Fig. 334) 
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using nafuraZ draft. (3) Closed or chimney-fiue towers (Figs. 
335 and 336) usmg forced draft. (4) Closed or flue-towera 



Fio. 33a. — Focoed DrafI 



(F^. 319) using either forced or natural draft. The sides of 
open or atmospheric towers (Fig. 333) are usually louvred, 
(Fig. 337) to prevent the water from being blown out of the 



m" Sheet-Metal Cooling-Tower Louvra. 



tower. Louvres actually decrease the cooling effect but a 
be employed to minimize water waste. 
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416. The Closed Or Flue-Towers Are Completely Enclosed, 
Except At Top And Bottom. — Openings are provided in the 
base for admission of the fan blast in the one ease or the 
natural air-currents in the other. Natural draft in these 
towers depends entirely upon the chimney action of the tower. 

Note. — Choice Of Forced Or Natural Draft mainly depends up- 
on space considerations on the one hand and operating-cost on the other. 
A forced-draft installation occupies less space than one usmg natural 
draft, but the operating expense is greater. Where cooling-towers are 
designed (Fig. 319) for using either forced or natural draft, the forced 
draft may be used during the hot season and the natural draft in cool 
weather. 

The Open Tower (Fig. 333) Permits A Somewhat Greater Loss 
Of Water Than The Closed Tower (Fig. 334J. This is due to winds 
blowing through the louvres of the open tower. Generally, the air does 
not mingle so effectively with the water in open towers as it does in 
closed towers, but the closed tower must be larger for the same cooling 
effect. In many fan (forced-draft) towers, the water lost is greater than 
in an atmospheric tower of about the same size. This is because a large 
amount of water, as entrained moisture, is carried away in the forced- 
draft towers due to the high air velocity. Since such water has not been 
evaporated, it represents pure waste — it has performed no useful work 
of cooling by its evaporation. With a forced-draft and an atmospheric 
tower operating side by side, the water loss from the forced-draft tower 
may be as great as 10 per cent, and that from the atmospheric tower as 
small as 2 per cent. 

417. The Principles Involved In Cooling-Tower Computa- 
tions are similar to those pertaining to cooling-ponds and 
spray-fountains. The cooling effect depends upon the water- 
and air-temperatures, the relative humidity of the air, and the 
effectiveness of air-and-water contact. Towers of different 
types vary in the effectiveness with which the air is utilized 
as a cooling medium. 

418. Computations To Determine Cooling-Tower Per- 
formance Should Be Based On The Results Of Tests And 
Practice rather than on entirely theoretical assumptions. If 
the condition of the atmosphere as to temperature and humi- 
dity, the temperature of the water coming from the condensers, 
the quantity of water each unit-volume of air will absorb, 
and the degree of efficiency under which the tower will operate, 
are known, then reasonably-close approximations may be 
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made for any specific case by applying the general methods 
of computation (Sec. 398) previously given for cooling-ponds. 
The general method is illustrated in a following example. 

Note. — In the operation of a cooling tower, the same water is used 
over and over again. Through the process of cooUng there is a certain 
loss which must be made up from some outside source. The water which 
must be supplied to compensate for this loss is known as the make-up 
water, Make-^p water is equal to: (loater lost by evaporation) + (tpater 
which is splashed or blown out oj the cooling tower,) Assuming that there 
is no loss except that due to evaporation, the amount of heat (in B.t.u.) 
taken away from the water in circulation, will (See Sec. 400) equal the 
number of pounds of water lost, multipUed by approximately 1,000. 
In other words, every pound oj water evaporated wiU carry away 1,000 
B.t.u., and cool 1,000 lb. of water 1 deg. fahr., or 100 lb. of water 10 deg. 
fahr., etc. Therefore, to cool 100 lb. of water 10 deg fahr., requires the 
evaporation of 1 lb. of water, or 1 per cent, of the amount cooled. Thus, 
theoretically, the make-up water wiD be 1 per cent, of the water circu- 
lated, to cool the water 10 degrees. Actual tests on several Burhom 
towers under different conditions, have shown the actual loss to be 
less than l}i per cent, of the total amount circulated, or practically 
that due to evaporation. 

Under usual ammonia-condenser conditions, a cooling tower may be 
expected to cool the water by from 6 to 14 deg. fahr. ; about 10 deg. fahr. 
is a reasonable expectancy. For steam condensers, a tower may be 
expected to decrease the temperature of the water by from 20 to 50 deg. 
fahr. 

419. To Compute The Average Temperature Reduction 
Effected In Summer Weather By Atmospheric Cooling 
Towers now in operation in this country and abroad, use the 
following empirical formula which is derived from the results 
of a large number of tests. It is quoted from The Cooling 
Tower Company's Catalogue. 

(96) r/„ = r,. + 2T,„ + Tn (^^^ j^j^ j 

Wherein, all temperatures are in degrees Fahrenheit and: — 
Tfa = average temperature, of the cooled water which leaves 
cooling towers. Tfd = dry-bulb-thermometer or air temper- 
ature. Tfv) = wet-bulb-thermometer temperature. T/i = 
temp)erature of water entering the cooling tower. 
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Examples. — See Tables 421 and 422 which show average values com- 
puted with the preceding formula. By using values from Table 388, 
the probable temperature reduction which may be expected in any 
locality can be computed. 

Note. — Cooling towers can be designed which will, for certain cooling 
ranges and atmospheric conditions, reduce the cooled-water temperature 
by from 10 to 50 per cent, below that given by the preceding formula. 
The possible maximum temperature reduction is determined by the 
cooling range and by atmospheric conditions. See Tables 421 and 422. 

420. Typical Data Pertaining To Cooling-Tower Perform- 
ance have been obtained from a series of tests made with 
closed cooling-towers using forced draft. They are as follows: 

Data. — Quantity of water circulated = 640 gal. per min. Tempera- 
ture of air entering the tower = 70 deg. fahr. Temperature of air 
leaving the tower — 94 deg. fahr. Relative humidity of air entering 
the tower — 60 per cent. Relative humidity of air leaving the tower — 
100 per cent. Temperature of water entering the tower = 108 deg. 
fahr. Temperature of water leaving the tower = 88 deg. fahr. quantity 
of air circulated — 60,000 cu. ft. per min. Efficiency of tower (For. 
92) = 61 per cent. These data represent about average practice for 
the given type of installation. 

Example. — Using the above data, and allowing 8.3 lb. to the gallon, 
the heat added to the water while passing through the condenser — 
640 X 8.3 X (108 - 88) = 106,240 B.t,u, 'per min. Assuming the 
specific heat of air to be 0.019 Bd.u. per cu. ft, the heaJt which the air ab~ 
sorbs, by convection and radiation, from the water in the tower » 60,000 X 
0.019 X (94 - 70) = 22,800 B.t,u, per min, = (22,800 4- 106,240) X 
100 = 21.46 per cent, of the heat which the water absorbed in the con- 
denser. Hence, the heat which the toater gives off by evaporation — 
106,240 - 22,800 = 83,440 B,t,u, per min, = (83,440 -5- 106,240) X 
100 = 78.64 per cent, of the heat which the water absorbed in the con- 
denser. Assuming (Sec. 400) that each pound of the evaporation ab- 
stracts 1,000 B.t.u., the water-loss = 83,440 -^ 1,000 = 83.44 lb. per 
min. = 83.44 -!- (640 X 8.3) X 100 = 1.57 per cent. Wind losses might 
increase this to over 2 per cent. In practice, the usual water loss may be 
from 2 to 3 per cent. 

Note. — The Per Cent. Of Water-Loss From Cooling Towers, as 
noted above, is less than the lowest per cent, of loss that can be obtained 
with spray-fountains. This is an important item in favor of the cooling- 
tower. 
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423. A Method Of Computing The Proportions Of A Cool- 
ing-Tower will now be explained by the use of an illustrative 
example. Cooling-tower design is — because of the necessity 
of using results from existing installations as precedents — 
properly a function of men of considerable experience in this 
particular branch of engineering. 

Example. — A forced-draft cooling-tower is required to re-cool 1,000,000 
lb. of condensing water per hour through 25 deg. fahr. The circulating 
air is assumed to be at a temperature of 75 deg. fahr. when it enters the 
tower and at 106 deg. fahr. when it leaves. What should be: (1) Tfie 
total horizontal crosa-seaional areaf (2) The total horizontal length of each 
side? (3) The total height oj the checkerworkf 

Solution. — It may be assumed that the tower is to be furnished with 
a cypress-board checker-work (Fig. 329) for dividing the descending water 
into a multitude of thin sheets. Practice has shown that air velocities, 
in cooling-towers, of about 700 ft. per min. produce the best results. 
It may be assumed that the evaporating or cooling surface afforded by 
the cypress boards is about 8 sq. ft. per cubic foot of space occupied by 
the checkerwork. It may further be assumed that about 64 per cent, 
of the total horizontal cross-sectional area of the checkerwork is effective 
area, or free area. Also that 20 B.t.u. per hour, per degree of cooling, 
will be abstracted from the condensing water for each square foot of 
evaporating surface. 

The water will absorb, in the condenser approximately 1 B.t.u. per lb. 
for each deg. fahr. of temperature increase. Hence, the total quantity of 
heat to he abstracted in the cooHng-tower « 25 X 1,000,000 = 25,000,000 
BMu. per hour. The quantity of heat abstracted per square foot of cypress- 
hoard evaporating surface = 20 X 25 = 500 R.t.u, per hour. Therefore, 
the requisite total area of evaporating surface = 25,000,000 -s- 500 — 
50,000 sq. ft. Hence, the total volume of space to he occupied hy the checker^ 
wood = 50,000 -^ 8 = 6,250 ca. ft. 

Assuming (Example subjoined to Sec. 420) that about 21.5 per cent. » 
0.215 of the heat in the condensing water passes to the air by convection 
and radiation, the total quantity of heat so removed = 25,000,000 X 0.215 
= 5,375,000 B.t.u. per hour. Therefore, assuming the specific heat of 
air to be 0.019 B.t.u. per cu. ft., the requisite quantity of air, of the given 
entering and leaving temperature, = 5,375,000 -5- [0.019 X (105 — 75) 
= 9.429,824 cu. ft. per hr. = 9,429,824 4- 60 = 157,167 cu. ft. per min. 

For an air-velocity of 700 ft. per min., the requisite effective cross-- 
sectional area of the checker work « 157,167 -i- 700 = 224.5 sq. ft 
This being about 64 per cent. = 0.64 of the total cross-sectional area, 
the requisite total area = 224.5 -r- 0.64 = 351 sq. ft. Hence, the length 
of each side of the square hase of the checker work = \/351 = 18.7 /f., or, 
approximately, 18 ft. 8.5 in. The requisite height for the checker work, 
then, = 6,250 -r- 351 — 17.8 /<., or, approximately, 17 ft. 9.5 in. 
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Note. — ^Thb Total Height Op A Coolino-Towbr, of the type speci- 
fied above, would be given by the sum of the fan-fieight + the height of the 
checker work + 2 ft for the height of a distribtUing trough (Fig. 331) + abotU 
4 ft. for the depth of the sump or well. If the tower is erected at the 
ground level, the sump may be sunk below the surface of the ground. 

Note. — ^T^b Height Op The Fan-Blower Required For A Cool- 
ing-Tower may be obtained from manufacturers' tables of the dimensions 
and capacities of such blowers. Typical related data pertaining to fan- 
draft towers, for use in connection with condensing-engine plants, are 
given in Table 424. 

424. Table Of Related Data Pertaining To Forced-Draft 
Cooling-Towers For Use With Condensers Of Compound 
Condensing Engines. 



Capacity 
of con- 
denser, in 
horse 
power 


Height 
of cool- 
ing tower, 
in feet 


Dimensions 
of cooling- 
tower at 
base, in feet 


Number 

and size 

in feet, 

of fans 


Speed of 
Fans in 
Revolu- 
tions per 
min. 


Power re- 
quired 
for Fan 
in horse 
power 


50 


25 


19 X 19.5 


1 -6 


110 


1.25 


75 


25 


19.8 X20.0 


1 - 6 


160 


1.75 


100 


25 


20.0 X20.8 


1 -7 


145 


2.25 


150 


25 


21.5 X 22.5 


1 -8 


145 


3.50 


200 


25 


23.3 X 24.5 


1 -9 


135 


5.50 


250 


26 


24.5 X 25.3 


1 - 10 


135 


8.00 


300 


26 


26.5 X 27.0 


1 - 10 


145 


11.00 


400 


27.5 


27.5 X 24.5 


1 - 12 


115 


14.00 


500 


27.5 


29 X 30 


1 - 12 


145 


18.00 



426. The Cost Of A Cooling-Tower, erected in place, may 
(Practical Engineer, 1916) be from $6 to $7 per kilowatt 
of the power developed by the plant. Or, otherwise, from 
$4.50 to $5.50 per horse power of the engines to be served. 
These values are based on the assumption of a 26-in. vacuum 
in condenser operation. 



QUESTIONS ON DIVISION 10 

1. Why is recoolins of condensing-water desirable? 

S. .What phenomena are employed in the recooling of condensing-water? 

5. What factors determine the eCFectiveness of recooling apparatus? 
4. What is relative humidityt 

6. How is the relative humidity of the air deterdiined in practice? 
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6. Which is moet conducive to the recooling of condensing-water — high or low relative- 
humidity? Why? 

7. What three devices or methods are commonly used for re-cooling condensing-water? 
Under what conditions would each be moet advantageous? 

8. Explain the operation of a spray-fountain. 

9. What is the per cent, of water-loss from a spray-fountain, relative to the amount 
of recooling effected? 

10. How may spray-fountains be protected from water-loss by high winds? 

11. What is the usual depth of cooling-ponds? 

IS. Can spray-fountains be used where ground space is unavailable? How? Explain. 
IS. What per cent, of the total power developed by the plant is required for spray- 
fountain operation? 

14. How may the power required for elevating the condensing-water to an overhead 
spray-fountain be compensated for? 

15. What are the essential principles of cooling-tower operation? 

16. What are the four general classes of cooling-towers? 

17. What average per cent, of efficiency may be obtained in cooling-tower operation? 

18. How does the water-loss from a cooling-tower compare with that from a spray- 
fountain? 

19. What per cent, of the re-cooling in a cooling-tower is generally due to evaporation? 
How is the remaining per cent, of the re-cooling effected? 

50. In what respect does an atmospheric cooling-tower differ from a natural-draft 
closed cooling-tower? 

51. What advantages result from arranging a cooling-tower so that it may be used 
with either forced or natural draft? 

PROBLEMS ON DIVISION 10 

1. The air entering a cooling-tower has a dry-bulb temperature of 70 deg. fahr. 
and a wet-bulb temperature of 00 deg fahr. The air leaving the tower has a dry-bulb 
temperature of 90 deg. fahr. and a wet-bulb temperature of 88 deg. fahr. What is 
the relative humidity in each case? What weight of water does the air absorb, per cubic 
foot, while passing through the tower? 

S. The quantity of water circulated through the steam condensers of a 1,000 h.p. 
engine plant is 40 lb. for each pound of steam condensed. The engines consume 15 
lb. of steam per horse power per hour. What should be the area of a simple cooling 
pond to re-cool the condensing water in summer? What should be the area if the pond 
were equipped with a spray-fountain? 

S. In Problem 1 the air re-cools 800 gal. of condensing water per minute through 20 
deg. fahr. The water enters the tower at 105 deg. fahr. and leaves at 85 deg. fahr. 
It is assumed that 20 per cent, of the heat abstraction is due to convection and radia- 
tion, while the remaining 80 per cent, is due to evaporation. What volume of air flows, 
per minute, through the tower? What is the efficiency of the tower? What is the per 
cent, of evaporation-loss? 

i. Assuming that the cooling-tower of Problems 1 and 3 is furnished with a cypress- 
board checker work (Fig. 329), what is the free area through the tower? If the checker 
work is of square cross-section, what are its base-dimensions? 

5. A spray-fountain, fitted with 2-in. nozzles, is to operate under a pressure of 6 lb. 
per sq. in. The quantity of water circulating through the condensers is 40.000,000 
gal. per day of 24 hr. How many nozzles are needed? What pond area is required? 



DIVISION 11 
STEAM-PIPING OF POWER PLANTS 

426. The Steam-Piping Of A Power Plant Generally Com- 
prises Two Separate Systems: (1) The live-steam piping. 
(2) TJie exhaustrsieam piping. The live-steam piping is 
usually designed to convey live steam, either saturated or 
superheated, from boilers to engines and other steam-con- 
suming apparatus at pressures from about 100 to 300 lb. per 
sq. in. It is, therefore, built of the heavier and stronger grades 
of pipe and fittings. The exhaust-steam piping is usually 
designed to carry exhaust-steam, from turbines, reciprocating 
engines and from steam pumps, under pressures ranging from 
less than atmospheric to perhaps 10 lb. per sq. in. It may, 
therefore, be built of comparatively light pipe and fittings. 

427. The Materials For Steam-Piping comprise mainly: 
(1) Wrought iron. (2) Mild steel, (3) Cast-steel, (4) Castr- 
iron, (5) Malleable iron. Wrought-iron pipe is much favored 
on account of its reputation for ductility and durability. 
Pipe made of mild steel produced by the open-hearth process 
is, however, commonly con- 

\ ^ . i 1 . „ h"-556-m.—H K--5.Kln.--H H-— 5.56-in. -•»< 

ceded to be equal in all t i i i i i 

respects to wrought-iron j'^^^^ll ! ,'"*''"'^^^^ 

pipe. Cast-steel, cast-iron 'J^ ^1' '>^^^^l '/^^^\' 





and malleable iron are used 
mainly in the making of 
fittings. 
428. The Grades Of '"''""'^ i-Exrr. Heov, w-^^mr^ 

Steel And Wrought-iron ^^Q- S^S. — inside And Outslde Diameters Of 
T^. /^\ ci, 1 1 Three Grades Of Wrought Iron 6-In. Pipe. 

Pipe are: (1) Standard. 

(2) Extra heavy. (3) Double extra heavy (Fig. 338). The 
thickness, and weight per unit of length, of the three grades 
of pipe increase in somewhat irregular ratios. 

Example. — The thickness of a 5-in. pipe (Fig. 338) advances from 
0.247-in. in the standard grade to 0.355-in. in the extra heavy grade, 
and 0.71-in. in the double extra heavy grade. The weight of a 5-in. 

363 
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pipe, per foot of length, advances from about 12.6 lb. id the standard 
grade to 17.6 lb. in the extra heavy grade, and 32.5 lb. in the double extra 
heavy grade. Approximately similar ratios are noted throughout the 
tables of siies. 

Note. — The Sizes Of All 8tbel And Wboooht Pipes, up to 12-in. 
refer to the nominal inside diameters. Above 12-in., the sizes refer to 
the actual outside diametem. These lai^e pipes are made in several 
thicknesses from }i in. to 1 in. The thinner pipes are used for the lower 
pressures and the thicker for the higher pressures. In purchasing, thia 
large pipe is specified by both its outside diameter and thickness. 

129. The Grades Of Pipe Fittiiigs Commonly Used In 
Steam-Piping Systems are: (1) Standard cast4ron. (2) 




Fia. 339.— Standiid Cut-Iron FittiD(s. 



■Iritiu MKirnng ^^y ftm*' 

StanHml Fittmg fUiEBtl-- ^sT- 



-Stuidsrd Ma11«b1< 



Standard maileable iron. (3) Extra heaey cosMron. (4) 
Extra heavy malleable iron. (5) Extra heavy cast-steel. (6) Low- 
■pressure castr4ron. Standard cast-iron fittings (Fig. 339) 
are designed for steam pressures up to 125 lb. per sq. in. 




Standard malleable iron fittings (Fig. 340) may be used 
for steam pressures up to 150 lb. per sq. in. Extra heavy 
caBt-iron fittings (Fig. 341) are intended to withstand steam- 
pressures up to 250 lb. per sq. in. Extra heavy malleable 
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iron fittings (Fig. 342) are safe for steam pressures up to 
250 lb. per sq. in. Extra heavy cast-steel fittings (Fig. 343) 
are safe under a steam-pressure of 350 lb. per sq. in. and a 
total steam-temperature of 800 deg. fahr. Thus they are 
available for use in piping for superheated steam. Low- 
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Fig. 343. — Extra Heavy 
Cast-Steel Fittings. 
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Fia. 344. — ^Low-Preesure Cast- 
iron Fittings. 



pressure cast-iron fittings (Fig. 344) are suitable for steam 
pressures up to 25 lb. per sq. in. They may be used in 
exhaust-steam systems. Their use in live-steam systems, 
even where the pressure does not exceed 25 lb. per sq in., is 
inadvisable. 

430. The Pipes Commonly Used In Steam-Piping Systems 
Are Classified According To Three Different Types Of Con- 



Circulonr Pxy 



Col ^es:^.^ 



Butt 
miof; 



Fmkh^ 




WilOl'"' 



Fig. 345.— Method Of Forming Butt- Welded Pipe. 

struction: (1) Butir-welded. (2) Lap-welded. (3) Riveted. 
In the making of butt-welded pipe (A -Fig. 345) the squared 
edges of the skelp, B, are brought to a welding heat. The 
end of the pipe is then formed C- and the edges are pressed 
together D- by drawing the skelp through a circular die; 
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M. In the making of tap-welded pipe, the edges of the ekelp 
are Bcarfed (A-Fig. 346) and the skelp is rolled into tubular 
form. The skelp is then brought to a welding heat and is 



Flo. 34B.— Mctbod Of Fori 



ig Lap-Welded Pipe. 



passed (B-Fig. 346) through a circular groove in the welding 
rolls. The weld is made by squeezing the overlapped 
scarfed edges together between the walls and a cast-iron 



Fia. 347.— Stmicht- Riveted Steel Pipe. 

mandrel. Riveted pipe (Figs. 347 and 348) is made of sheet 
steel. It may be used for exhaust-steam mains. It should 
not be used in live-steam systems. 




Notes. — Thb Steength Ov A Butt-Weld ia &bout 73 per cent, of 
the strength of the plate which it joins. The ultimate strength of a 
butt-weld in a ateel pipe ie about 41,000 lb. per sq, in. The ultimate 
strength of a butt-weld in a wrought-iron pipe is about 20,000 lb. par 

sq. in. 
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The Strength Of A Lap- Weld is about 92 per cent, of that of the 
plate which it joins. The ultimate strength of a lap-weld in a steel pipe 
is about 52,000 lb. per sq. in. The ultimate strength of a lap weld in a 
wrought-iron pipe is about 31,000 lb. per sq. in. Lap-weld pipe may be 
used for all purposes of live-steam piping. It is from 40 to 45 per cent, 
more expensive than butt-weld pipe. 

431. The Trade Meanings Of "Wrought-Iron Pipe*' And 
"Steel Pipe** are not generally understood. Steel pipe is 
(Power, Dec. 14, 1920, page 948) commonly known and 
billed in the trade as *' wrought pipe." Jobbers and contract- 
ors are prone to install steel pipe instead of the more expensive 
wrought-iron material even when the latter is specified. They 
are able to make the case in court on the plea *' wrought-iron 
pipe" is a trade term meaning either wrought-iron or steel 
pipe as distinguished from cast-iron pipe. The Executive 
Committee and Advisory Board of the National Pipe and 
Supplies Association, in order to prevent the confusion which 
is heretofore existed, recommends the terminology employed 
by the American Society for Testing Materials: (1) Welded 
wroughtAron pipe.. (2) Welded steel pipe. If this standard 
terminology is followed the meanings then are: — (1) That 
welded pipe is pipe which is welded no matter what it is made 
of. (2) That welded steel pipe is pipe made by welding steel. 
(3) That welded wrought-iron pipe is pipe that is made of 
wrought iron by the welding process. (4) That wrought-iron 
pipe is pipe made of wrought iron regardless of the process of 
manufacture. 

432. The Safe Working Pressures For Standard Wrought 
Iron And Steel Pipe from data by Crane Co. are as follows: 
J^ in. to 3^ in. butt welded, 900 lb. per sq. in. ; % in. to 1 in. 
butt welded, 750 lb. per sq. in. ; 1 in. to 3 in. butt welded, 400 
lb. per sq. in. ; Z\i in. to 5 in. lap welded, 400 lb. per sq. in. ; 
6 in. to 12 in. lap welded, 250 lb. per sq. in. 

Note. — More conservative practice is to limit steam pressures on all 
standard weight pipe to 250 lb. per sq. in. Lap-wdded pipe is considered 
somewhat more reliable than hutt-welded and is, in general, preferred for 
all steam piping regardless of the pressure. Some engineers specify only 
lap-welded pipe for all steam-power-plant work. 
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433. Table Showing Good Practice Regarding Grades Of 
Pipe For Steam-Power Plant Installations. All pipe for pres- 
sures over 125 lb. per sq. in. should be lap-welded. (Con- 
densed from Crane Co. specifications.) 



Pressure, 

lb. per 

sq. in. 

gage 


Service 


Pipe size, 
in inches 


Grade of pipe 


Material 


Up to 126 


Saturated steam. 


Up to 12 in 


Standard Merchant wt. 






14 to 18 in 


^s in. thick. 


Steel 




Over 18 in 


^i in. thick. 




125-200 


Saturated steam. 


Up to 12 in 


Full standard card wt. 


Steel 




Over 12 in 


H in. thick. 


200-250 


Saturated steam. 


Up to 12 in 


Extra-strong. 


Steel 




Over 12 in 


Ke or H in. thick. 




Steam superheated 
up to 600°F. 


Up to 8 in 


Extra-strong. 


Steel 




Over 8 in 


H in. thick. 




Exhaust steam. 


Up to 12 in 


Standard Merchant wt. 


Steel 




14 to 24 in 


At least He in- thick. 



Screyml 
Mom 
Joints 



rCompomhn nomges-i 



Note. — "Standard" Pipe (Sec. 428) la Manufactubed In Two Weiqhtb: (1) 
Full card weight, (2) Merchant weight. Full-card- weight pipe is manufactured to con- 
form exactly to the standard dimensions. Merchant-weight pipe is not, strictly, quite 
as thick and strong as is full-card-weight pipe. 

434. Two Principal Types Of Joints Are Commonly Used In 
Steam-Piping : (1) Screwed joints, (2) Flanged joints. Screwed 
joints (A-Fig. 349) between pipe-ends and fittings are usually 
recommended for steam-piping where the pipe-size does not 
exceed 2.5-in. This however depends largely on the pressure 
and service for which the pipe is to be used; generally, for 

pressures below 125 lb. per sq. 
in. the piping connections are 
"screwed" only for pipes up to 
2J^ in. nominal diameter. 
Flanged joints (B-Fig. 349) are 
-Screwed And Flanged Joints generally casier to manipulate 

In Steam-Piping. j . . . mu 

than are. screwed joints. They 
afford ready means for disconnecting the various sections of 
a piping-system. Their use is recommended in all steam- 
piping larger than 2.5-in. 

Note. — Flanges commonly form screwed joints with the pipe-ends. 
Hence, the construction of a flanged joint in a pipe-line may and usually 
does entail (B-Fig. 349) the use of one subsidiary screwed joint. 




Screwwf Subsmtryy/omtS' 



FiQ. 349.- 
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'Ttnaa 



.^•Choifsfer 



436. The Principal Methods of Attaching Flanges To Pipe- 
Ends are : ( 1 ) Threading. ( 2 ) Shrinking. ( 3 ) Flaring or 
lapping. (4) Welding. Threading (/, Fig. 350) consists in 
screwing the flange on the pipe-end. Strength and lightness 
are insured by forcing on the flange until the pipe-end projects 
beyond the flange-face. The pipe-end is then cut off flush with 
the flange-face. In the shrinking method (II, Fig. 350) the 
pipe-end is turned truly cyUndrical. The flange is bored to a 
shrink-fit and the face-end of the bore is chamfered. The 
flange is then heated to redness, and is sUpped over the pipe- 
end until the end projects beyond the flange-face. When the 
flange has cooled somewhat, the pipe-end is beaded into the 
chamfer with a ball-peen hammer. The pipe-end is finally 
turned off flush with the flange-face. 

In the flaring or lapping 
method (III, Fig. 350) the :<««^v^ 
flange is bored slightly 
larger than the outside 
diameter of the pipe. The 
end of the pipe is flared 
or belled. An abruptly 
flared end (III, Fig. 350) 
is called a lapped end. 
The flange fits loosely 
around the pipe and forms 
a swivel-joint with the lap. jE-nomwr or lapped 

This imparts flexibility to FiQ- 350. — Methods Of Securing Companion 

the structure when the ^^^^ ° *^® "***' 

flange is bolted tightly to a flanged fitting. One method of 
welding (IV, Fig. 350) consists in heating both the flange and 
pipe-end to a welding heat and squeezing them together 
under heavy pressure, into a single mass. Flanges may also 
be arc-welded or acetylene welded to the pipe-ends. 

Note. — Pipe-^nd flanges are commonly called companion flanges. 

Note. — The cost of an extra-heavy forged-steel welded flange being re- 
garded as a basis of comparisonj or as 100 per cent., the relative costs 
of other types of attachment of extra-heavy flanges, made of different 
materials, may be expressed as follows: 




I-Thrwiol< 
.-Loose Fit Hen 
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-nan or Lap 
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Forged^ted shrunk, 120 per cent. Cast-steel shrunk, 105 per cent. 

Casirdron shrunk, 60 per cent. Forged steel flared or lapped, 96 per cent. 

Cast-steel flared or lapped, 75 per cent. Malleable iron flared or lapped^ 

55 per cent. Cast^ron flared 
or lapped, 60 per cent. Forged- 
steel threaded, 96 per cent. 
Cast^teel threaded, 60 per 
cent. MaUeaMe-iron threaded, 
45 per cent. Cast-iron 
threaded, 26 per cent. 

436. Low-Resistance 
To Steam-Flow In The 
Turns Of A Piping System 
Is Facilitated By The Use 
Of Pipe-Bends (Fig. 351). 
Bends (Fig. 352) are also 
used to absorb the con- 
traction and expansion 
movements of piping. The radii of pipe-bends (fi-Fig. 352) 
should always be as great as circumstances will permit. The 

ofPfpe-^, 




X-Cnss 
Over, 



S4S Degree / 
BerKl''' 




Fig. 351. — Standard Pipe-Bends For Making 
Turns In Piping Systems. 
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FiQ. 352. — Bends For Taking Up Expansion Stresses In Piping Systems. 

longer the radius, the greater the flexibility at the bend. Also 
the larger the bend the less the liability of buckUng the pipe 
when forming the bend. 
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Notes. — The Minimum Advisable Radius For A Pipe-Bend in a 
steam-line (-B-Fig. 352), for pipe sizes from 2.5-in. to IG-in., is five times 
the nominal diameter of the pipe. 

The Minimum Advisable Lengths Of The Tangents Or Straight 
Parts Of Pipe-Bends (Fig. 352) when the companion flanges are either 
threaded (/ Fig. 350) or shrunk (11, Fig. 350) on, increases, in regular 
progression, from 4-in. for 2.5-in. pipe to 11-in. for 9-in. pipe and to 
18-in. for 16-in. pipe. 

When the flanges are flared or lapped (III, Fig. 350) the tangent- 
lengths range from 6-in. for 2.5-in. pipe to 9-in. for 9-in. pipe and to 
IS-in. for 16-in. pipe. When the flanges are welded, the range of tangent- 
length is from 5-in. for 2.5-in. pipe to 6-in. for 9-in. pipe and to 8*in. for 
16-in. pipe. 

437. Three Methods Are Available For Distributing The 
Steam Supplied By A Boiler Plant which consists of more than 
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Fia. 353. — Single Header System Of Steam Piping. 

one boiler unit: (1) The single header (Fig. 353). (2) The 
loop header or duplicate headers (Figs. 354 and 355). (3) The 
unit group (Fig. 356). The single header is the least expensive 
to install. It is, however, the least convenient arrangement. 
Thus, if it were necessary to repair the section of main piping 
between boilers C and D (Fig. 353) boilers A, B and C would 
not be available for supplying the prime movers to the right 
of the defective section, nor would boilers D, E, F, G smdH be 
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available for supplying the apparatus to the left. With the 
duplicate headers (Figs. 354 and 355) the crosB-connectiona 
and the arrai^ement of atop valves inaures unrestricted use 
of all the boilers and prime movers, even though it be neces- 
sary to isolate a section of the piping for repairs. 



Fio. 8S4.— Proper I 



FiQ. aSE.^ContinuaCion Of DupllcHtc Headers X sue) Y. Fi(, 3B4. Throufh Enfine 
Room. 

438. With The Unit-Group Arrangement (Fig. 356) each 
engine is piped directly to an individual set of boilers, usually 
four, as boilers A, B, C and D, or E, F, and H, or /, J, K 
and L. Equalizer pipes are, however, employed to bond the 
piping of all the boilers in a single system. These equalizers 
are, usually of the same size aa the main pipes leading to the 
engines. 

Note.— PreBBu re-equalization throughout the system is the sole func- 
tion of the equalizer or header-pipes (Fig. 356). They are not deseed 
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to provide storage space, as the headers in the older arrangements 
(Figs. 353 and 354) are, in a measure, required to do. Hence, it is par- 
ticularly advisable, where the unit-group method of piping is used, 
that ample receiver-separators be installed close to the engine throttle- 
valves. 
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Fia. 356. — Unit System Of Main Steam Piping Showing Three Unit Groups. 

439. Steam-Pipe Sizes May Be Determined Graphically 

by means of a chart (Fig. 357) which was devised hy 
H. V. Carpenter. 

Example. — Find, graphically, the pipe-size required to supply 30,000 
lb. of steam per hour to an engine if the allowable pressure drop be- 
tween engine and boiler is 3 lb. per sq. in. The boiler supplies the 
engine through a pipe which is 160 ft. long. The operating steam- 
pressure is 185 lb. per sq. in. gage. 
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Solution. — The giveo rated eteam-flow o( 30,000 lb, per hr, may, 
allowing a SO per cent, excega rating, be reduced to (30,000 -t 60) X 
l.&O ^ 750 lb. per min. The given gage pressure, 18S lb., is equivalent 
to (185 + 16 i^) 200 lb. absolute pressure. Also, the given pressure- 
drop of 3 lb. in 150 ft. corresponds to 2 lb. in 100 ft. From A, oorres- 



ro 



ij 
i] 



ill 
III 



! g-S 
ponding to 760 lb, on the base line (Fig. 367) proceed vertically upward 
to B on the line of 200 lb. abaolule pressure. Proceed thence downward, 
parallel to the oblique lines, to C on the line of 2 lb. pressure-drop. 
Tracing vertically upward from C, the point of intersection, D, with the 
top line indicates the required pipe size to be about 6.7 in., or practically. 
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440. A Simple Formula, For Computing The Pipe Size 
Necessary To Deliver Steam At A Given Rate, which is used 
often in practice is given below. In using this formula, a 
steam-flow velocity, which practice has shown will not induce 
an excessive pressure drop, is assumed. Then, the required 
pipe diameter or area may be obtained by substituting the 
other known values: 



(97) di = 13.54-y^^ (diam. inches) 

144W 

(98) Ai = -jz — (area, sq. in.) 

Wherein di = actual internal diameter of pipe, in inches. 
W = equivalent weight of steam flowing through pipe, in 
pounds per minute. D = density of steam at the given pres- 
sure, in pounds per cubic foot. v« = velocity of flow of 
steam in pipe (see Sec. 441) in feet per minute. A< = in- 
ternal area of pipe, in square inches. 

Note. — The Above Formula May Be Used For Figuring The 
Pipe Size Required For A Reciprocating Engine if the valve cut oflf 
is known. For example, if 30,000 lb. of steam is used by the engine 
per hour and the cut off is J4, then the equivalent flow will be appro- 
ximately: 4 X 30,000 = 120,000 W. per hr. These formulae are not re- 
commended for pipes under 3 in. in diameter. 

Example. — A steam engine which is set for }i cut off requires 12,000 
lb. of steam per hr. The steam pressure is 125 lb. per sq. in. gage. A 
velocity of 6,500 ft. per min. is allowable in the pipe. What size of pipe 
is required ? Solution. — The steam velocity is equivalent to that when 
the steam flows continuously at the rate of 3 X 12,000/60 = 600 76. per 
min. Substituting in the above formula : di = 13.64\/W/Z)t;» = 13.54 X 
\/( 600 ) H- (0.3107 X 6,600) = 7.3 in. internal diameter or a 7 in. pipe 
is suflSciently large if not too long (Sec. 444). 

Note. — This size pipe will have a maximum pressure drop as computed 
by Fig. 357 of 4 lb. per sq. in. per 100 ft. 

441. The Allowable Steam-Flow Velocities Used In Practice 

are about as follows: For average power-plant installations: 
saturated steam, 6,(K)0 to 8,000 ft. per min. superheated 
steam, 8,(X)0 to 12,000 ft. per min. exhaust steam 4,000 ft. 
per min. In large stations the velocity may be, for superheated 
steam, 14,000 ft. per min. for reciprocating engines and 15,000 
ft. per min. for turbines. In one large eastern turbine station 



378 STEAM POWER PLANT AUXILIARIES [Div. 11 

bends, or swivel joints. When slip-jointa are necessary, binding in the 
joint, due to staging of the pii>e, must be guarded against by erecting 
substantial supports at each end. Also, the pipe must be securely an- 
chored to prevent the st^m-piessure from forcing the joint apart. 



^-MwftenW tlan of Pqit-.. 



Fia. 3SB. — Doubte-Stip EipsuBion Joint. 



447. The Linear Expansion Occurring In Steel And Wrought- 
Iron Steam Pipes may, for given lengths of piping and ranges 
of temperatures, be found by the following formula: 

(102) I = eJ.T/ (inches) 
Wherein: 1= the linear expansion of thepipe,in inches, ei = 
the coefBcient of linear expansion (see note below), L = the 
original length of ateam pipe, in inches. Tj = the change of 
temperature, in degrees fahrenheit. 

NoTB. — The coefficient of linear expanainn (ei) tor charcoal iron is 
0.000,006,86; Bessemer steel, 0.000,006,99; seamless open-hearth steel, 
0.000,006,88; oast iron, 0.000,006,2; cast steel, 0.000,006. 

ExAHPij:. — What will be the linear expansion in a straight 150 ft. 
line of Bessemer steel pipe when steam at a pressure of 12S lb. per sq. 
in., gage, is admitted, if the pipe has a temperature of 60 deg. fahr. at 
the time of erection? Solution. — A table {see the author's Practical 
Heat) of the properties of saturated steam gives the temperature at 
125 Ib.per sq. in. gage as 353.1 deg. fahr. By For. (102) ( - eiLT, = 
0.000,006,99 X (!50 X !2) X (353.1 - 60) - 3.69 in. 

448. The Least Length Of Pipe Necessary For A Bend Or 
Loop To Take Up Tlie Expansion In A Run Of Pipe Of Given 
Length may be found by Rayne's formula, which is as follows ; 

(103) U = QMZVdl^, (feet) 
Wherein: Lb = least length, in feet, of pipe required for bend, 
do = external diam., in inches, of pipe, Lp - length, in 
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= temperature rise in degreeB Fahren- 



feet, of pipe-line, 
heit. 

Example. — What U the least length of pipe that should be used in 
makiag a double-offset expansion U-bend (A, Fig. 352) to be installed in 
a straight 150-ft. run of 6-in. pipe designed to cany steam at 150 lb. 
pressure, gage, if the temperature of the piping when erected is 60 deg. 
fahr.7 

Solution. — Atableof the properties of saturated steam gives the tem- 
perature at 150 lb. pressure, gage, or 165 lb. pressure, absolute, as 3fiO 
deg. fahr. The ou taide diam. of a S-in. pipe ia 6,625 in. By F or. (103) Lt 
= 0.043 VdO^fT, = 0.043 X \/6.626 X 150 X (366 - 60) =23.7/1. 

Note. — The results obtained with the preceding formula can be applied 
directly only with steam pipes of the smaller sizes. With the larger 
sizes, it may be necessary to increase the computed lengths in order to 
conform to the minimum allowable ratio (Sec. 436) of pipe-diameter to 
radius of curvature, and to the prescribed tangent lengths. 

449. Vibration In Steam-Piping is generally caused by a 
pulsating steam-flow. The pulsations may be due to the 
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alternate opening and closing of the admission valves of reci- 
procating engines. Transmission of the vibration to the 
foundations and walls ot buildings may be prevented (Figs. 
361 and 362) by special supporting devices. 
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4S0. Various Devices Are Used For Staying And Supporting 
Steam-Piping in order to prevent deflection and vibration. 
These devices mainly comprise: (1) Plain hangers (Fig. 363). 



S?,, 




FiQ. 3M.— Wall-Bruket. 


Fio.365.— ffimpleP! 
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(2) WaO^ackets (Fig. 364). (3) Floor stands (Fig. 365). 
(4) Anchors (Fig. 366). (5) Counter-balancing hangers (Fig. 
367). Plain hangers should be free to swing (Fig. 363) in the 



■:-'-e«^SS^^*' 



I Oidinuy Pipe- Fia. 367. 







direction of the length of the pipe. Also, they should also be 
provided with a means for height-adjustment. Wall-brackets 
with roll-binders (Fig. 364) allow for free linear expansion of 
the pipe, but prevent lateral movement. Such binders should 
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be used in supporting the ends of horizontally-placed long- 
radius bends. An anchor (Fig. 366) is designed to hold the 
pipe immovable, at the place of anchorage, against expansion 
stresses. Counter-balancing hangers (Fig. 367) are designed 
to sustain the weight of expansion-loops, while giving free 
play to the rise and fall of the loops under alternate expansion 
and contraction. 

461. The Heat Losses From Bare And Insulated Steam 
Pipe are as follows (based on Marks' Mechanical Engineers^ 
Handbook) : 

Insulation No. 1 is of a hard fire-proof variety of asbestos of relatively 
poor insulating value. No. 2 is sponge-felted asbestos. The conductivity 
of most insulation for pipes is intermediate between these two sets of 
values. The insulation is assumed to be about 1 in. thick 



Temperature difference, pipe and 
air, deg. fahr. 



50 



100 



200 



300 



400 



500 



Loss in B.t.u. per hr. per 
deg. fahr. temperature 
difference per sq. ft. of 
pipe surface. 



Bare 
pipe 


1.95 
0.63 
0.34 


2.15 
0.65 
0.35 


2.665 


3.26 


4.035 


Insul- 
ation 
No. 1 


0.715 


0.781 


0.856 


Insul- 
ation 
No. 2 


0.369 


0.391 


0.414 



5.18 



0.967 



0.439 



462. The Condensation Due To Loss Of Heat From Bare 
Steam Pipes may be found by the following formula: 

2.7 A f(Tf,-T fa) 



(104) 



w« = 



H, 



(lb. per hr.) 



Wherein: Wc = weight of condensation, in pounds per hour. 
Af = area of external surface of pipe, in square feet. T/^ = 
steam temperature at given pressure, in degrees fahren- 
heit. T/a = temperature of surrounding air, in degrees 
Fahrenheit. Hv = latent heat of steam at given pressure, 
in British thermal units per pound. 
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CxAUPLE. — The extomaJ-Burface area of 4-iii. pipe ig 1.178 sq. ft. per 
ft. of length. Wbat will be the quantity of condensation in 40 ft. of 
bare 4-in. pipe carrying steam at 105 lb. preesure, gage, when the sur- 
rounding air-temperature is 60 deg. fahr.? 

Solution. — A table of the properties of saturated at«am (Author's 
Practicaii Heat) gives the temperature of st«am at the given pressure 
as 341 deg. fahr., and the latent heat as 877.2 B.t.u. By For. (104), 
W, - 2.7AAT/, - T„) + H, - 2.7 X 1.178 X 40 X (341 - 80) + 
877.2 = 40.76 ft. per Ar. 



FiQ. 368.— The Holly SUsm-Loop For Disiaiuc High-Fnaure Hpins. 

463. Excessive Loss Of Heat Vtom Steam Pipes May Be 
Prevented by covering the pipes with heat-insulating material. 
Incombustible mineral substances, as mt^nesia and asbestos, 
are commonly used for this purpose. All steam-pipe cover- 
ings should be at least 1-in. thick. The heat-loss, with a good 
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covering, may be reduced to about 15 per cent, of that occur- 
ring with bare pipe, or even less. 

464. The Condensation In High-Pressure Steam-Piping 
May Be Returned To The Boilers With A Holly Loop (Fig. 
368). The condensation gravitates to a receiver, il, wherein 
it is broken into a spray by passing through a perforated 
plate. Connections should be made to the receiver from all 
parts of the piping system wherein water might become 
pocketed. Due to the discharge of steam from the discharge- 
chamber C, through the vent-pipe, P, and reducing-valve, 
into the feed-water heater, the pressure in the discharge- 
chamber is less than that in the receiver. Hence, a current 
of water-spray, mixed with steam-vapor, ascends through the 
riser R. The steam and water separate in the discharge- 
chamber. The water gravitates to the boilers through the 
drop-leg D. The discharge-chamber is placed at an elevation 
that will insure a sufficient hydrostatic head to overcome the 
excess of boiler steam-pressure over the discharge-chamber 
steam-pressure. Circulation in the loop is started by opening 
valve S. When steam appears, valve S is closed and the 
reducing valve is opened. 

QUESTIONS ON DIVISION 11 

I. What pressures are commonly carried in livensteam piping? In exhaust-steam 
piping? 

5. What are the ordinary materials of steam-piping? 

8. Enumerate the regular grades of steel and wrought-iron pipe. 
4. To what dimensions do the nominal sizes of piping refer? 

6. Enumerate the grades of pipe fittings commonly used. 

6. What is the maximum advisable pressure for malleable-iron fittings? For standard 
cast-iron fittings? For extra heavy cast-steel fittings? For low-pressure cast-iron 
fittings? In extra heavy cast-iron fittings? 

7. How is a lap-weld made in steel or iron pipe? A butt-weld? 

8. For what purpose in power plant steam-piping may riveted pipe be used? 

9. What per cent, of the plate-strength is secured with a lap- weld? With a butt- 
weld? 

10. What is the ultimate strength of a butt-weld in a steel pipe? In a wrought-iron 
pipe? 

II. What is the ultimate strength of a lap-weld in a steel pipe? In a wrought-iron 
pipe? 

18. What is a companion-'flanget 

18. How is a companion-flange shrunk on a pipe-end? How welded on? How is the 
pipe-end finished when the flange is threaded on? What kind of a fit does the flange 
make with a flared or lapped pipe-end? 

14. What are the purposes of pipe-bends? What is the minimum advisable radius for 
a pipe-bend? The minimum advisable tangent-length for a 0-in. pipe bend with shrunk 
flanges? 
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16. Which U a tangent-Unoih in a pipe-bend? 

16. Enumerate the principal methods of distributing the steam-output of a set of 
boilers. 

17. What advantage is secured with duplicate main headers? 

18. What are the main features of the unit-group system of steam distribution? 
Why are receiver^separators particularly necessary in the branch pipes to engines where 
this system is used? 

19. What is the commonly-assumed rate of steam-flow for live-steam piping? For 
exhaust-steam piping? 

10. What is the commonly-assumed range of pressure-drop for live-steam piping? 
For exhaust-steam piping? 

11. Describe a slip expansion-joint. A swivel expansion-joint. A corrugated 
expansion-joint. 

11. How may transmission of pipe-vibration be prevented? Describe a method of 
support and of suspension to localise pipe-vibration. 

15. Enumerate the common methods of staying and supporting steam-piping. Enum- 
erate the special adaptations of each. 

M. What is the average percentage of heat-saving e£Fected with pipe coverings? 

16. Explain the operation of the Holly steam-loop. 

PROBLEMS ON DIVISION 11 

1. The required maximum steam-output of a boiler is 30,000 lb. per hr. at 150 lb 
pressure, gage. The total length of pipe in the lead to the main header being 40 ft., 
what should be the pipe-sise? 

1. Assuming a uniform velocity of flow in the main and branches, what 
should be the sise of a main to supply four branches of sises 2.&-in., 4-in., 5-in., and 
7-in., respectively? 

8. A thin, run of steam-pipe contains two globe-valves and one standard 00-deg. 
elbow. What length of &-in. pipe would o£Fer equivalent resistance to the steam-current? 

4. What minimum length of pipe is permissible in making an expansion U-bend to 
be used in an 8-in. steam-line, 150 ft. long, carrying steam at 135 lb. pressure per sq. in., 
gage? The temperature of the piping, when erected, is assumed to be 60 deg. fahr. 

6. What will be the quantity of condensation in 30 ft. of bare 10-in. steam-pipe in an 
atmospheric temperature of 00-deg. fahr., if the steam-pressure is 125 lb. per sq. in., 
gage? The external surface area of 10-in. pipe is 2.816 sq. ft. per ft. of length. 



DIVISION 12 

UVE-STEAM AND EXHAUST-STEAM SEPARATORS 

466. A Live-Steam Separator (Fig. 369) is a device for re- 
moving entrained water from the steam which is conveyed, 
through pipe-lines, from boilers to various steam-consuming 
apparatus, as reciprocating engines and turbines. 



o 



Fia. 366. — Live-Stesm And EibsuBt-SUitni SfpBmton Installed In Enciae Hpina. 

Note. — Ordinarilt, The Steam Isstjino From A Boileb Which la 
Unprovibed With Sopkhheating Sobpace Mat Contain Fhom 0.3 
Feb Cent. To 5 Per Cent. Of Moihtube. — If the steam apace of the 
boiler is unduly restricted, as where an excessively large number of tubes 
are used in a return-tubular boiler, the percent^e entrainment may 
exceed greatly the maximum figure noted above. Similarly, if a properly- 
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proportioned boiler is forced much beyond its rated capacity, the entrain- 
ment may become dangerously excessive. 

Note. — Moisture May Be Carried From A Boiler Either As 
Finely Divided Spray Or As Concentrated Bulks Op Water. It 
may also be due, wholly or in part, to condensation in the pipe-line. 
The quantity so produced will depend largely upon the length of the 
pipe and the effectiveness of the covering. Water resulting from con- 
densation may accumulate in pockets in the piping, whence it may be 
picked up in bulk by the onrushing current of steam . Similarly quantities 
of water in bulk, or slugs of water j may be projected from the boiler by 
the violent priming that may result from a suddenly applied overload, 
or from carrying the water too high in the boiler. 

466. The Purposes Of Live-Steam Separation are: (1) To 
conserve the energy of the steam. (2) To prevent wrecking of 
engines by slugs of water which might be present with the steam- 
supply, (3) To prevent impairment of engine-lubrication by 
wet steam. (4) To protect the valves, pistons and cylinders of 
reciprocating-engines, and the blades and buckets of turbine, 
from the erosive action of wet steam. 

Note. — Moisture Diminishes The Net Thermal Value Op The 
Steam Which Is Delivered To An Engine, and, therefore, the thermal 
efficiency of the engine. It does this by adding to the initial condensation 
in the cylinder and by absorbing whatever superheat may be available 
from expansion. A discussion of this subject is contained in the Author's 
Practical Heat. 

Note. — Admission Op An Otherwise Tripling Bulk Op Water 
To An Engine Cylinder Is Extremely Dangerous if the engine is 
running at high speed. This is due both to the very restricted clearance 
spaces which considerations of economy demand for high-speed recipro- 
cating engines and to the fact that water is practically incompressible. 

Note. — Steam Turbines May Be Seriously Damaged By Slugs 
Op Water Entering With The Steam. The blades and buckets of 
turbines are liable to be stripped by smaller masses of water than such 
as might be required to wreck the cylinders of reciprocating engines. 

Note. — Thorough Lubrication Op An Engine-Cylinder Is Prac- 
tically Impossible When Excessively Wet Steam Is Used. The 
water will gather on the rubbing surfaces and thus exclude the oil. 
Otherwise it will precipitate the oil and flush it out before it can reach 
the rubbing surfaces. 

467. The Economy Of Live-Steam Separation is, aside from 
the considerations previously noted (Sec. 456), mainly a 
question of fuel saving which results from delivering dry steam 
to the prime mover. The loss from initial condensation, due 
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to the effect of wet eteam in the engine cylinders, may be 
regarded as approximately I per cent, for each 1 per cent, of 
moisture in the steam (Direct Separator Company, Steam and 
Oil Sep abators). It may also be assumed for turbines that 
for each 1 per cent, of moisture in the steam supplied there is 
an increase of about 2 per cent, in the water rate (Harrison 
Safety Boiler Works, Sepaiiatoh6), 

Note. — The Lobs Op Epficibnct Due To Wet Steam In Tuiibinb 
Opebatiok may be aaoribed to the extra friction which the moisture 
createe within the turbine. The added friction apparently necessitates 
supplying an extra pound of steam for each pound of moisture in order 
to maintain a proper velocity of flow. 

Example. — Assuming that 10 tons of coal, at 3 dollais per ton, are 
consumed per day in firing a power plant, the saving which might be 
effected by a 3 per cent, reduction in the moisture content of the steam 
delivered to the engine would annually amount to 10 X 3 X 365 X 
0.02 = $219. 

468. The Principal Operative And Structural Requisites 
Of A Live-Steam Separator in the supply-line to an engine 
are: (1) It should afford the max- 
imum attainable effectiveness of 

separation. The separation 
should be (Table 474), prac- 
tically, 100 per cent, effective 
when the moisture entrained 
with the steam is less than 5 
per cent. It should be at least 
98 per cent, effective when the 
entrainment amounts to about 
20 per cent, (2) Its tendenq/ 
to reduce the pressure of the steam 
should be practically inappre- 
ciable. (3) It should hove storage 
capacity equal to about four 

Hmes the volume of the engine (^Xr^^-^a^'^l^R^^^^ 
cylinder. (4) /( should be of orator. 
simple and durable construction. 

469, A Live Steam-Separator Is Called A Receiver-Separ- 
ator When It Is Provided With A Relatively-Large Well 
(Fig. 370). The well serves, both as a receptacle tor the water 
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which is extracted from the steam; and as a reservoir wherein 
an ample volume of steam (Sec. 458) may be continuously 
maintained while the engine is running. 

460. The Steam-Storage Capacity Afforded By A Receiver- 
Separator is of three-fold importance: (1) It operates to 
prevent the vibration to which a long, sinuous, high-^essure 
steam-line might, otherwise, be liable. A prevalent cause of 
vibration of steam-supply lines to engines is the reaction which 
results from the sudden arrest, at cut-ofiF, of the steam-current, 
and the consequent impact of the steam with the back of the 
valve. The constant volume of steam, which a receiver- 
separator may maintain in close proximity to an engine cy- 
linder, acts as a buffer to absorb the shock of such reaction. 
(2) It tends to prevent a drop of pressure between the boiler and 
the engine. The pressure-drop in a steam-supply line may, in 
the absence of storage space close to the engine cylinder, 
amoimt to 10 per cent, of the boiler pressure. (3) It acts to 
prevent the excessive priming which might, otherwise, attend a 
suddenly applied overload. 

461. An Exhaust-Steam Separator (Fig. 369) is a device 
for removing oil from the steam which has been used in engine- 
cylinders and expelled therefrom. 

Note. — ExhaustHsteam separators are commonly called oUseparaiors 
and oil-eliminaiors. 

462. The Main Purposes Of Exhaust-Steam Separation 

are: (1) To render the steam suitable for use in open feed-woier 
heaters and thereby conserve the heat therein. Oil in the 
feed-water is dangerous to the integrity of steam-boilers. 
(2) To preserve the radiating-effectiveness of exhaust-steam 
heating systems. (3) To preserve the condensing-effectiveness 
of surface condensers. A film of oil in the radiators of a heating 
system, or in the tubes of a condenser, greatly retards the 
transmission of heat from the steam to the external air in the 
one case, or to the cooling water in the other. (4) To render 
available, for boiler feed-water, the discharge from surface 
condensers. 

463. The Economy Of Exhaust-Steam Separation is, aside 
from the principal considerations previously enumerated 
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(Sec. 462), largely a question of the saving which purification 
of the exhaust-steam effects in the cost of water for operating 
the plant. Where the boiler feed-water is taken, without 
cost, from streams or other nearby sources, conservation of the 
water supply is of Uttle moment. But where the boiler-water 
is taken from city mains, the expense of wasting the exhaust- 
water may assume serious proportions. 

Example. — Allowing 14 pounds of feed water per hour per horsepower 
developed by a set of condensing engines the annual water-consumption 
for this purpose would be about 14 lb. X 24 hr. X 365 days -5- 62.5 lb. 
per cu. ft. = 1,962 cu. ft. per h.p. If the water costs $0.50 per 1,000 
cu. ft., and the plant develops a daily average of 10,000 h.p., the annual 
expense for boiler-feed, if the discharge from the condensers were wasted, 
would, therefore, be (1,962 X 10,000 -^ 1,000) X 0.50 « $9810.00. As- 
suming, in this case, that 80 per cent, of the condensed exhaust steam 
were returned to the boilers as clean feed-water, the annual saving would 
be 9,810 X 0.8 = $7848.00. 

464. The Physical Phenomena Involved In The Operation 
Of Steam-Separators are: (1) Expansion. (2) Momentum. 
(3) Elasticity. (4) Capillary entrainment. (5) Absorption. 
These principles, as explained hereinafter, are variously 
applied. The first four are observable in the operation of all 
separators. 

Note. — Expansion, As A PrincipIjB Op Separation, is prominent in 
the workings of all receiver-separators. The current of steam expands 
somewhat after issuing from the contracted pipe passage (P, Fig. 370) 
into the relatively-ample volume of the receiver, R, Its density thus 
momentarily diminishes. Hence, it becomes less effective for supporting 
the suspended moisture. The tendency of the water particles to drop 
out of the steam by their own weight is, therefore, increased. 

466. Steam Separators May Be Classified According To 
Their Principal Modes Of Operation as follows: (1) Reverse- 
current separators. (2) Centrifugal separators. (3) Impact or 
Baffle-plate separators. (4) Mesh separators. (5) Gridiron 
separators. (6) Absorption separators. 

466. The Main Operating Principle Of Reverse-Current 
Separators (Figs. 371, 372 and 373) is the momentum which a 
body acquires through propulsion by a force acting along an 
approximately straight line. After entering the separator, 
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the moisture-laden current of steam traverses a short distance 
(Fig, 371) in a direct line. Its course is then reversed abruptly. 
The steam readily adjusts itself to the altered direction of 
flow. But the water particles being of much greater specific 
gravity than the steam, are propelled by their own momentum 
to the bottom of the separating chamber. 

Note. — With the separation shovrn in Fig. 371, removal of the mois- 
ture depends solely upon the whip-snap action which accompanies the 
current-revereal. With the apparatus shown in Fig. 372, two horizontal 
baffle-plates or wii^, one projecting laterally from each aide of the 



l^/er Tniugta Sumunflngf 



FiQ. 371— Hsppw Re- Fio. 372.— Wdderon Re- Fio. 373— Austin Ro- 

veree-Current HoriioilUI vene-Current Horiiontal TBrae-Ciurent Vortical 
EihsuBt-Steam Separator. Receiver-Separator. lJve-8team Separator. 

diaphragmed steam-duct, aid in the separation. With the apparatus 
shown in Fig. 373, the separation is partially effected by impact of the 
current with the hoods. 

467. The Main Operating Principle Of Centrifugal Sepa- 
rators (Figs. 374, 375, 376) is the tangential momentum which 
a body acquires through the action of centrifugal force. The 
Bteam-current assumes a spiral or twisting motion at the 
instant of its entrance to the separator. The centrifugal 
force thereby developed in the particles of oil or water impels 
them to fly tangentially from the steam-current. Thus, the 
oil or water is flung against the inner surface of the external 
shell, down which it trickles to the drainage outlet. 



STEAM SEPARATORS 



Note. — The device foe imparting a twisting motion to the steam in a 
centrifugal separator may be a helix in the throat of the inlet orifice 




■puctnCurrtnt nhhSa 



(Pig. 374), a hefix which traverses the interior of the separator from the 
inlet to the outlet (ff, Pig. 375), or a spiral web (W, Fig. 376) which 
winds about a central outlet tube. 
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468. The Main Operating Principle Of Impact Or Baffle- 
Plate SeparatOTS (Fig. 370, 377, 378, 379, 380 and 381) is the 






snom-amnr— •' 

Fia. 378.-" Aiutin " Bafle-PUte Under- 
llot HoriionUl Live^team Sepuvtoi. 



nibbed Baffle Fansdby 
VollcfaJiilVeleraraialing 



elasticity of steam. The entering steam-current (Fig. 377) 
impinges upon the upper baffle, B. Due to its great elasticity, 
the steam rebounds therefrom. But the quite inelastic water 
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adheres to the plate and trickles by capillary entrainment into 
the trough at its lower edge. Thence it flows to the drainage 
outlet, 0. The separation thus far is, however, only partial. 
When the steam rebounds the upper baffle, it strikes the outer 
shell, S. It then rebounds downward, toward the opening to 
the lower baffle, and reverses its direction of flow. Additional 
moisture is thus whipped out by its own momentum. 

469. Corrugated And Fluted or Ribbed Surfaces In Steam 
Separators (Figs. 370, 378, 379, 380 and 381) perform a two- 
fold function: (1) They prevent the sweep of the steam-current 
from scouring the adhering particles of oil or mcdstuTe from the 
surfaces. (2) They facilitate the tendency of the separated oil 
or water to trickle downward in a mvitibide of small individual 
streams. 

470. The Main Operating Principle Of Mesh Separators 
(Fig. 382) is the tendency of fluid particles to entrain and 
form into minute rivulets 

by capillary attraction. * 
The entering steam-cur- 
rent, E, impinges directly 
upon the sieve, S, which 
covers the conical top of i 
the hood, H, surrounding ' 
the upper orifice of the 
outlet tube, 0. A portion- 
of the water or oil will ad-- 
here to the sieve, and, by 
capillary entrainment, will 
pass through its meshes 
to the top surface of the 
hood . The water or oil thus 
deposited flows through the 

drainage tubes D, to the ''"■ *s2--8»'««» M«h j«tioai stesm s«p- 
collecting-chamber, C. 

Impact with the conical surface changes the form of the 
steam-current to that of an annular sheet which sweeps down- 
ward in the space between the cylindrical wall of the hood, H, 
and the cylindrical sieve or trapping-sheet, T. Neariy all of 
the remaining moisture, or oil, is caught in the meshes (Fig, 
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383) of the trapping-sheet, T. It is thereby entrained in tiny 
streams which flow to the annular space, A, between the trap- 
ping sheet and the shell. Thence it trickles downward to the 
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collecting chamber, C. Practically all of the moisture, or oil, 
which still remains in the steam-current will be whipped out 
as the current reverses its direction of flow in passing upward 
to the outlet-tube orifice, 0. The per- 
forated diaphragm, P, prevents the steam- 
current from picking the water, or oil and 
water, out of the chamber beneath. 

471. The Main Operating Principle Of 
Gridiron Separators (Fig. 384) is capillary 
attraction. A series of gridiron separat- 
ing-plates (Fig. 385) is arranged in stag- 
gered formation (Fig. 386) in the path of 
the steam-current. The columns of these 
Fig 385 — Gridiron pl^t^s ate hollow. Vertical series of 
Soparatine-piate 01 Small cups, or Tccesses, are cast in the 
un y earn pparntor. f^^gg (jf |.[jg columos agaiust which the 
entering steam impinges. A small hole is drilled from each 
cup to the hollow interior of the column. The particles of 
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water, or oil, are projected against the grids and cling thereto. 
The capillary action which then ensues causes them to gather 
in the cups. Thence they trickle through the small ports 
which lead to the channels inside the columns From these 
they fall into the collecting-chamber, C, beneath. 

472. The Operating Principle Of Absorption Separators 
(Fig. 387) depends upon the absorbent properties of certain 
porous or fibrous materials. 



Tib. 3Se. — SUggcced Formation 0( Fiu. 3S7. — Loew Absorption EibauBt 

Qridiron. Bepsrating PlatcB In Bundy Steun Separator. 

Steam Separator. 

Note. — Absorption separators are designed only for exhaust-steam 
separation. 

473. The Manmum Efficiency Of Separation Attainable 
(Table 474) with any given type of live-steam separator 
varies according to the quality of the steam as it enters the 
separator. (See Sec. 476 for meaning of efficiency.) 

Note. — The efficiency of a live-steam separator, and, therefore, the 
ultimate effectiveness of separation is benefited by providing an ade- 
quate covering of insulating material. 
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474. Table Showing Efficiencies Obtained In Tests Of 
Live-Steam Separators Of Six Different Makes. 







(From Power, 


May 11, 1909) 
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^Denotes effectiveness of separation. 

476. The Velocity Of The Steam-Current In Transit 
Through A Separator Affects The Efficiency Of The Separator. 

The efficiency diminishes as the velocity increases. If a sepa- 
rator is so designed as to permit an excessive velocity of 
steam-flow through it, its efficiency (Fig. 388) may be practi- 
cally zero. 



Note. — Expansion of the steam (Sec. 460) in transit through the rela- 
tively-large steam space of a separator results in a momentary diminution 
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of the velocity of flow. The initial velocity is, however, restored when 
the steam reenters the outlet pipe if the outlet is the some sine as the 
inlet pipe. 



Fia. SSS.^Craph Bhonin 

476. The EfiSciency Of A Live-Steam Separator may be 
computed by the following formula: 

(105) E = — == — '" (per cent, efficiency) 

Wherein E = per cent, efficiency. W„ = weight of separated 



Fm. 380. — Airangcmont Of Separator And Appurtenanow For Efficiency T«Bt. 

water, in lb. Wi = weight of moisture, in lb., in a definite 
weight of steam delivered to the separator, as determined 
(Fig. 389) by calorimeter and steam-flow tests. 
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Example. — A steam-flow meter at S (Fig. 389), records a flow of 
16,273 lb. of steam during a certain time-interval. A calorimeter at C 
shows the quality of the steam to be 94.5 per cent. The weight of the 
separated water drawn during the interval from the storage reservoir, Ry 
is 530 lb. What is the efficiency of the separator? Solution. — The 
weight of moisture in the steam = 16,273 X (1 - 0.945) = 895 W, 
Applying For. (105), E = 100Wu,/Wi = 100 X 530 -J- 895 = 59.2 per 
cent, 

476A. The Efficiency Of A Live Steam Separator May 
Also Be Computed On The Basis Of The Quality Of The 
Steam Entering And Leaving The Separator by applying the 
following formula: 

(105A) E= lQQ(^g-"^i) (per cent. efficiency) 

lUU — Xi 

Wherein: Xi = quality of the steam entering the separator, 
in per cent. X2 = quality of the steam leaving the separator, 
in per cent. 

Example. — In the preceeding example, what is the efficiency of the 
separator if a calorimeter at B (Fig. 389) shows the quality of the steam 



100 X 



leaving the separator to be 97.8 per cent.? 

Solution.— By For. (105A): E = 100(^2 - a;i)/(100 - xi) = 
(97.8 - 94.5) -^ (100 - 94.5) = 59.2 per cent. 

477. Exhaust-Steam Separation In A Partial Vacuum May 
Be Facilitated By Wetting The Separating Surface. — This 
may be accompUshed in either of two ways: (1) By injecting 
(Fig. 380) a spray of cold water against the surface, (2) By 
circulating cold water within a chamber (Fig. 381) the wall of 
which forms the separating surface. Moisture is thus by 
condensation of a portion of the steam, caused to appear on 
the separating surface. 

Note. — When an engine is exhausting into a partial vacuum the steam 
will have little tendencj'^ to condense or to entrain moisture during its 
passage from the engine-cylinder to the condenser. Hence, all of the 
surfaces which the steam encounters will continue dry. The fine parti- 
cles of cylinder oil will, therefore, due to their very low specific gravity, 
tend to rebound with the steam from the separating surface. But if 
the surface is covered with a film of moisture, the moisture will diffuse 
the oil-particles over the surface and thus cause them to adhere thereto. 
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478. An Exhaust-Head (Figs. 390 and 391) is an exhaust- 
steam separator especially designed for attachment to the 
discharge-end of an engine exhaust-pipe which opens to the 
atmosphere. 



Fin. 390.— "Wriiht" BsSe-PUte EihsuBt- Fio. 391. ~ Sweet" Mah Ei- 

Head. bauat-Head. 

479. The Purpose Of An Exhaust-Head Is twofold: (1) To 
prevent polltUion of the atmosphere and befoulment of the roofs 
and wcdls of buildings hy the oiUand-water in the exhaust-steam. 
(2) To muffle the sound of the exhaust. 

480. The Proper Location For A Live-Steam Separator is 
as close to the apparatus which it is designed to serve as the 
piping arrangement will permit. Where the separator is 
used (Fig. 369) in connection with an engine, it should be 
connected directly to the throttle valve. 

481. The Proifbr Location For An Exhaust-Steam Separator 
depends upon the ultimate disposition of the exhaust. In a 
non-condensing plant, the separator may be installed (Fig. 369) 
in the main exhaust pipe close to the point where it brEmches 
to the feed-water heater and the radiator heating system. In 
a surface-condensing plant, the separator may be installed 
at any point between the engine and condenser. If a vacuum 
feed-water heater (Sec, 249) is included in the installation, 
and the separator is unprovided with a device for wetting 
the separating surfaces, it may be preferable to place the 
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separator between the heater and condenser. The moisture 
which the steam entrains in the heater will thus become 
available for wetting the surfaces. A disadvantage of this 
arrangement is that the heater-tubes will be exposed to 
befoulment by the oil. 

Note. — Exhaust-steam separators are not commonly used in connec- 
tion with condensers in which the steam mingles directly with the con- 
densing water. 

482. The Selection Of A Suitable Live-Steam Separator 

is mainly a question of adapting its shape to structiwal limi- 
tations. The vertical, horizontal, and angle forms provide 
flexibility of choice in this regard. Otherwise, it is usually 
only necessary, when ordering a separator, to specify the size 
of the steam-pipe, the type of engine and the steam-pressure. 
The proportions adopted by the different manufacturers are 
made conformable to these data. 

Note. — The size of a steanv^eparator refers to the size of the pipe-line 
in which the separator is installed. 

483. The Selection Of A Suitable Exhaust-Steam Separator 

is mainly contingent upon the following information: (1) 

The number and sizes, of the 
engines, including steam-pumps, 
which are to exhaust through 
the separator. (2) The required 
location of the separator (Sec. 
481). (3) Whether the plant is 
operated condensing or non- 
condensing. (4) The pressure of 
the exhaust. (5) The quality and 
quantity of the cylinder oil used. 




From Engine 



6- in. 
Separator- 



^•'Sefti'on of 
6-07. P/pe 

'4- h Exhaust-Pipe 




4-in. 5 
ExhausP 
Pipe 



FiQ. 392. — Eclipse Exhaust Steam 
Separator Arranged To Reduce Veloc- 
ity Of Steam Flow. 



Note. — The first and fourth items enumerated above mainly deter- 
mine the velocity of flow through the main exhaust-pipe. The slower 
the steam-flow, the more effective the separation. Adequate separation 
may, thei'efore, be generally insured by selecting a separator (Fig. 392) 
two or three sizes larger than the exhaust pipe size. 

484. A Live-Steam Separator Should Be Drained Auto- 
matically (Fig. 369) by a reliable steam trap. (See Div. 13.) 
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485. Steam-Separators Should Be Equipped With Glass 
Water-Gages (Fig. 369). The glass-gage, G, may be con- 
nected in parallel with a by-pass pipe (P, Fig. 393). The pur- 
pose of this arrangement is to minimize glass breakage; See 
Power 1910. 

Note. — The breakage to which glaas gages are peculiarly susceptible 
when attached to steam separators may be due to the frequent and rapid 
changes of temperature to which the glass is subjected. The pressure 
within a separator in the supply pipe of 
an engine may fluctuate through a 
range of perhaps 10 pounds. This will 
be accompanied by a fluctuation in 
temperature which may affect the 
molecular structure of the glass. The 
glass will crystallize quickly and will 
eventually shatter into fragments. 
By locating the gage at a considerable 
distance from the separator and in- 
troducing an intermediary pa«3age Fig 393. -Device For Shielding 
/n T^- nr.n\ m • j. J j.' ^^^^ Qa«« From FluctuaUons Of 

(P, Fig. 393), sufficient condensation steam-Temperature. 

may be thereby induced to cause a 

thin film of water to gather on the interior of the glass. This moisture 
will diminish by evaporation as the pressure drops and will augment by 
further condensation as the pressure rises. Thus it may minimize 
temperature fluctuation in the glass. 

486. The Cost Of Steam And Oil Separators: Standard 
horizontal-type oil separators, 2 to 8 in., range in price $8 to 
$36. Vertical-receiver-type oil separators, 2 to 8 in., $13.60 
to $62.00. Standard vertical steam separators, 2 to 8 in., 
$18.40 to $88.00. Standard horizontal steam separators, 
2 to 8 in., $12 to $52. Preceding values (from Mechanical 
And Electrical Cost Data, Gillette and Dana, McGraw- 
Hill) are pre-war costs. During and immediately after the 
great war the prices were advanced from about 100 per cent. 
for the small to 25 per cent, for the large sizes. 

QUESTIONS ON DIVISION 18 

1. What is a liveHsteam separator? 

S. What percentage of entrained moisture does the steam delivered by a boiler, with- 
out superheating surface, ordinarily contain? 

8. What circumstances of boiler-design and operation principally affect the degree of 
moisture-entrainment ? 

4. What are aliiga of water in a steam pipe? What causes the entrained moisture to 
form slugs? 
26 
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8. What contributory circumstance usually determines the total quantity of moisture 
in the steam delivered to a separator? 

6. Enumerate the chief purposes of live-steam separation. 

7. Through what phenomena, occurring within an engine cylinder, is diminishment 
of the engine's thermal efficiency by wet steam mainly effected? 

8. Why are slugs of water in the steam-supply particularly dangerous to high speed 
reciprocating engines? 

9. In what way may damage occur to a turbine by small masses of water in the steam- 
supply? 

10. How does wet steam a£fect the internal lubrication of an engine? 

11. What approximate numerical relation exists between the percentage of moisture 
in the steam delivered to an engine and the resulting percentage of loss of economy? 

15. What circumstance apparently explains the loss of thermal efficiency that results 
from suppljdng wet steam to a turbine? 

13. What are the chief requisites of a live-steam separator? 

14. What is a receiver-separator? 

18. What benefits may attend the use of receiver-separators? 

16. How does a receiver-separator operate to prevent vibration of the steam-supply 
pipe of an engine? 

17. What is an exhaust-steam separator? 

18. What are the principal purposes of exhaust-steam separation? 

19. What is the outstanding consideration with respect to the economy of exhaust- 
steam separation? 

50. What are the physical phenomena which are mainly observable in the operation 
of steam separators? 

51. How does expansion of the steam afifect separation? 

55. Enumerate the general classes of steam-separators. 

53. What is the main operating principle of reverse-current separators? Of centri- 
fugal separators? Of baffle-plate separators? Of mesh separators? Of gridiron 
separators? Of absorption separators? 

54. What are the functions of corrugations and ribs on the inner surfaces of steam- 
separators? 

56. What variable factor controls the operating efficiency of a live-steam separator? 

56. What factori^ determine the operating efficiency of a separalorf What factor 
determines the effectiveness of the separation accomplished by a separator? 

57. What effect will diminished velocity have on the efficiency of the separator? 
How may a diminished velocity of flow through a separator be obtained? 

58. Why may advantage result from injecting water into the exhaust-steam separator 
of a condensing engine? 

59. What is an exhaust-head? 

30. What are the functions of an exhaust-head? 

31. What circumstances mainly govern the selection of a proper point of location for 
a steam separator in an exhaust-line? 

35. What considerations are principally involved in the selection of a live-steam 
separator? Of an exhaust-steam separator? 

33. What benefit may result from installing an exhaust-steam separator 'of larger 
size than the exhaust-pipe size? 

84. How should live-steam separators be drained? 

36. To what inherent circumstance of operation may difficulty of maintaining glass 
water-gages on separators be ascribed? 

PROBLEMS ON DIVISION IS 

1. In a certain locality, coal is available at $4.00 per ton. If 30 tons are normally 
consumed per day, what will be the saving per year if the quality of the steam delivered 
to the reciprocating engines is raised by a separator from 95 to 98 per cent.? 

S. The steam passing to a certain separator has a quality of 93 per cent. If 5,600 lb. 
pass per hour and the separator collects 285 lb. of water, what is the efficiency of the 
separator? 



STEAM TRAPS 

487. Steam Traps are devices for entrapping and auto- 
matically disposing of the water that results: (1) From con- 
densatiim and entrainage in steam-piping systems (Fig. 394, 395 
and 396), (2) Frtnn condensation in steam-heating apparatus, 
(3) From condensation in steam-power apparatus (Figs. 397 
and 398). 

Hmt Elhrimttr rUyt-Stttm Seecnati^ 



e Medium-PteBBure Steam Trs] 



NoTB. — Steam Tbapb, In Gdhbbal, May Be Divided Into Two 
GROtrpa: (1) Rebtm traps (5%. 399) or those which discharge, i^inst 
boiter-pressure, directly into the water spaces of ateam boilers. (2) 
Non-return traps (Fig. 400) or those which discharge against noimal 
atmospheric pressure, or into receptacles under less than boiler pressure. 

Steau Traps May Be Classified Accordinq To The Principles 
Of Operation Chiefly Employed as: (1) Bvoyaney traps, which com- 
prise haO-floai traps (Fig. 396, 400 and 40l) and bMckel^JUxU traps (Figs. 
394 and 398). (2) Coutaerweighled tUHnu or dumpinj trap* (Fig. 399), 
(3) Expanaion traps (Figs. 395 and 397), 
403 
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Column-" 



Strctirmr-^' 



-Alloy Expomsmlt/bt 



Fig. 395. — Kieley Expansion Intermittent-Discharge Steam Trap Draining Radia- 
tion. When T Fills With Water And Cools, It Contracts And Draws In H And P. 
V Is Then Opened By Upward Thrust Of 8 Against L. When Steam Enters, T Ex- 
pands And Pushes Out // And P. V Is Then Closed By Downward Thrust Of P 
Against L. 
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Fia. 396. — Strong Vacuum Trap Installed For Draining Separator In Condensing- 
Engine Exhaust-Line. When F Rises, V Closes And P Opens, Permitting Live Steam 
Or Atmospheric Air Pressure To Discharge Accumulated Water TF. 
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Steau Traps May Be Classified According To The Character 
Or DiacHAROE as: (1) Conlinuou»-di»charge traps, which are, mainly, of 
the ball-float type. (2) Intermittent-discharge traps. 




Fio. 3S7.— Maiok EipsosiOD ateaa 
Heater. Wlieo Steam Enters Casiiis ( 
Aecumulates In Inlet Pipe. T CoDtn 
Trap And Fasaea Out Through O. 



Trap Inatftlled For DraLninj Cloeed Feed Wat. 



488. Tlie Main Operating Principle Of Return Steam- 
Traps (Fig. 399) is equalization of pressure between the 
interior of the trap and the interior of the boiler into which 




Fio. 398.— Arraniiement Of Tilting-Buoket-Floa 
Prenure Steam Traps For Drainini Uve-Steam Sepantoi 
Two CmsB-Corapound Bneinea. 



the trap is intended to discharge. This is accomplished by 
admitting boiler-steam to the trap. With the equalization 
of pressure, the water which has been collected in the trap 
flows out by gravity. 
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489. The Volume, In Cubic Feet, Of Steam Required For 
Each Discharge Of A Return Trap is approximately equal to 
the volume, in cubic feet, of the water discharged. 




Fia, 360. — Biindy Ketui 
A CloBH. Stesin Then Pc 
Through F. T. C, And D. 



I Trap. When B Fills With Watei And Falli, V Opens And 
ses Into Bowl Throucb H And L, And Water la Forced Out 
Vhen B Bmptiee And Rbes, V Clae« And A OpenB. Coo- 
■a Intfl Bowl Timniflh W, 8. T, And F. 



Bkauple. — Assume that a return trap is discharging into a boiler 
under 100 lb. pressure. Then the weight of the eteam, which is admitted 
to the trap is (as taken from a steam table) about 0.25 16. per cu. ft. 
The returned wftt«r of condenaation weighs about 60 lb. per ct*. ft. Now 
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as stated, above, 1 eu. tt. (60 lb.) ot water requires 1 cu. tt. (0.25 lb.) 
of Bto^aiu. Hence, 1 lb. of water requiree 0.26 -f- 60 — 0.0042 lb. of 



Flo. 400.— Amerieui Bkll-Float CDntinuouo-disohargs High-praBure Ste&m Tnp. 

Note. — A portion of the heat of the steam is lost by radiation from the 
trap. Also, steam may be lost, at each discharge, through the vent- 
valve (A, Rg. 399). The cumulative loss from these sources may amoimt 
to I per cent, of the total evaporation of the boiler. 




Fio. 401.— TogKle^Mnt Valve-Operatiaa MeFhaniBm Of Amerioui BsU-Flost Hiih- 



490, The Economy Of Return Steam^Trap Service resides, 
mainly, in the saving effected by returning the water of con' 
denaatioD from high-preBsure steam apparatus directly to 
the boilers, instead of returning it thereto in relays, aa through 
a receiver or feed-water heater under atmospheric pressure. 

ElxpLANATiON. — In industrial processes which require steam for heat- 
ing, drying or boiling, the steam is commonly supphed from the boilers, 
and is condensed in the manufacturing apparatus under pressures rang- 
ing from a few pounds up to 100 pounds or more. 

Where steam of, say, 80 lb. pressure is used in heating-coils, as in a 
high- temperature dry-room, the water of condensation may leave ^he 
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Note. — If the apparatus to be drained ia located at an inconveniently- 
low elevation, as on the bottom of a. narrow pit or trench, an expanaion 
trap may be located (Fig. 402) at a higher elevatioD if the drainage wat«r 
leaves the apparatus under sufficient pressure. There should be at least 
^ lb. per sq. in. pressure for each foot vertical he^t. 

EXAUFLS. — A steam-pressure of 5 lb. per sq. in. in the heating-CoU 
(Pig. 402) will, practically, balance a column of water: 5 4- 0.5 = 10/(. 
high. Hence, the water of condensation <nill be forced to the trap, if 
the trap-inlet is located less than about 10 ft. above the drsinage-outiet 
of the coil. 



He&dii« Ctnl Looated On Bottom 

496. The Location Of An Expansion Trap should be such 
that its operation will not be affected by excessive variations 
of temperature occurring in the surrounding atmosphere. 

497. The Capacity Of A Steam-Trap may be rated (Table 
498) either in terms of the cpmntity of toater to be trapped per 
hour, or in terms of the extent of raHiating surface in the ap- 
paratus from which the trap may drain water of condensation. 

Note. — It is commonly assumed that each square foot of direct ra- 
diating surface in a heating system will, ordinarily, condense about 0.33 
lb. of steam per hour. It is also assumed that the radiation from each 
lineal foot of 1-Inch pipe in a heating coil will, ordinarily, condense about 
0.19 lb. of steam per hour. Where very wet products are to be dried 
in a kUn or dry-room, a trap for draining the heating coils should be 
selected on a basis of 0,56 lb. of steam condensed per hour per lineal foot 
of 1-inch pipe. Where the heated air is circulated under pressure of a 
fan-blower, the basis of selection should be 0.94 lb. of condensation per 
hour per lineal toot of 1-tnch pipe. 
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498. Table Showing Dimensions And Capacities Of Steam- 
Traps Working Under Medium Pressure (Adapted from 
Swendeman's, A Steam-Tbap Catechism). 











Elated capacities per hour 




Sise, in 
in., of 


Steam 
pressures. 










Diam., in 










in., of valve 


pipe 


in lb. 


Gal. of 


Pounds of 


Lineal feet 


Sq. ft. of 


orifice 


connec- 


per sq. in. 


water 


water 


of 1-in. 


radiating 




tions 


(Gage) 


dis- 


dis- 


pipe 


surface 








charged 


charged 


d}*ained 


drained 






60 


375 


3114 


5538 


1846 


>4 


H 


75 


459 


3811 


6776 


2258 






100 


530 


4402 


7827 


2609 






125 


593 


4976 


8847 


2949 






50 


584 


4847 


8618 


2873 


Ht 


H 


75 


715 


5936 


10554 


3518 






100 


826 


6853 


12184 


4062 






125 


923 


7662 


13624 


4542 






50 


709 


5883 


10460 


3486 


^H» 


H 


75 


868 


7205 


12810 


4270 






100 


1002 


8320 


14793 


4931 






125 


1122 


9302 


16540 


5514 






50 


844 


6998 


12442 


4147 


H 


1 


75 


1034 


8579 


15754 


5085 






100 


1194 


9986 


17692 


5898 






125 


1334 


11075 


19692 


6564 






50 


1149 


9535 


16954 


5651 


He 


IH 


75 


1407 


11680 


20767 


6922 






100 


1625 


13486 


23978 


7993 






125 


1816 


15073 


26799 


8933 






50 


1501 


12537 


22290 


7430 


H 


IH 


75 


1838 


15252 


27118 


9039 






100 


2122 


17616 


31322 


10441 






125 


2363 


19694 


35017 


11672 



499. The Quantity Of Condensation-Water To Be Trapped 
From A Piping System may be approximately computed by 
the following formula: 

(106) W«, = AfK (lb. per hr.) 

Wherein: W^, = weight of condensation in pounds per hour. 
Af = area of piping surface, in square feet. K = conden- 
sation, in pounds per hour per square foot of pipe surface, 
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corresponding to the observed steam pressure, as given in 
Table 500. 

600. Table Showing Rate Of Condensation, In Uncovered 
Pipe Lines, Of Steam At Various Pressures. Adapted from 
Elliott Companys' Bulletin G on Steam-Tbaps. 



Steam pressure, in 
lb. per sq. in. (gage) 


5 
0.7 


10 
0.8 


20 
0.9 


30 
1.0 


40 
1.1 


50 
1.2 


60 
1.3 


80 
1.6 


100 
1.7 


125 


ft 

Condensation, in lb. 
per hr., per sq. ft. of 
pipe-surface 


1.9 



Example. — It is found, by computation that the high-pressure piping 
in a boiler and engine plant exposes 2,683 sq. ft. of radiation-area. The 
steam pressure is 115 lb. per sq. in., gage. What size of trap, as listed 
in Table 498 should be used for draining the system? 

Solution. — By Table 500, the condensation rate for steam at 100 lb. 
pressure = 1.7 lb. per hr. per sq. ft. of exposed surface, and for steam 
at 125 lb. pressure = 1.9 lb. per hr. per sq. ft. of exposed surface. Hence, 
the condensation rate for steam at 115 lb. pressure = (1.9 — .1.7) -r- 
(125 - 100) X (115 - 100) + 1.7 = 1.82 lb. per hr. per sq. ft. of ex- 
posed surface. Applying For. (106) W„ ^ A/K ^ 2683 X 1.82 = 
4,883.06 lb. per hr. Hence, by Table 498 a J^-in. trap having a H-in. 
valve orifice should be used. 

601. The Piping Of A Steam-Trap should be adapted to the 
particular service for which the trap is installed. Numerous 
right-angled turns, and runs of excessive length in the dis- 
charge piping, should be avoided. To obviate interference, 
the discharges from low-pressure and high-pressure traps 
should be piped independently. 



Note. — Every Steam Trap Should Have An External By-Pass 
{By Fig. 394). Also, stop valves, Vi and Vi, should be inserted between 
the by-pass connections and the inlet and outlet orifices of the trap. 

Strainers In Trap-Inlet Connections (B, Fig. 395) may be used to 
prevent particles of scale, or other solid substance, from entering the 
trap and fouling the valve. 

Provision For Draining Trap Discharge-Pipes, while the traps 
are inoperative, (D, Fig. 398) should be made when the traps are ex- 
posed to freezing in cold weather. 
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602. Check-Valves Should Be Inserted In The Discharge 
Pipes Of Steam Traps where two or more high-pressure traps 
discharge (Fig. 398) into a common discharge-Une or where 
a return-trap (Fig. 399) is used for boiler-feeding. 

Note. — For ordinary high-pressure service, the check-valves (C, Fig. 
398) in the discharge pipes of steam-traps may be of standard weight and 
may be filled with renewable composition discs. For boiler-feed ser- 
vice however, the check-valves (S and 0, Fig. 399) should be extra 
heavy and should have solid brass discs. Check-valves with composi- 
tion discs are ill-adapted to withstand the stresses of boiler-feed service. 

603. A Vent-Pipe Connecting A High-Pressure Trap With 
The Apparatus Drained (P, Fig. 1) is often necessary to 
insure regular operation of the trap. 

Explanation. — With a scant flow of water from the separator {S, 
Fig. 394) the upper part of the trap will contain steam of the same 
pressure as that in the separator. Should a slug of water enter the sepa- 
rator, direct communication between the steam-occupied space in the 
trap and the steam space in the separator will, in the absence of a vent 
pipe, be closed. The flow from the separator will, therefore, cease until 
the steam in the trap condenses. Restoration of an unimpeded flow may 
be further delayed by air mingled with the trapped steam. 

604. The Care of Steam Traps involves periodic inspections 
and, when necessary, repair or replacement of the valves or 
seats. Inspection should be made frequently because the 
flow of water through steam traps cuts into the valves and 
seats, which may then leak or "blow" steam. Since the 
traps are enclosed — ^as are usually the discharge pipes — a leak 
would not ordinarially be noticed. But by placing the ear to a 
trap, the blowing can, frequently, be detected. A stfll-better 
method for detecting the leaks consists of providing an opening 
in the discharge pipe, from which the leak is then visible. 
Since, as stated in Sec. 492, losses from leaks readily become 
excessive and expensive, a leaky trap should, immediately, 
be taken from service and repaired upon discovery of the leak. 

QUESTIONS ON DIVISION IS 

1. What are the general uses of steam traps? 

S. What is the distinction between a return trap and a non-return trap? 
S. What types of traps operate on the principle of buoyancy? 

4. Through what media b the expansion principle utilised in the operation of steam- 
traps? (See Fig. 397). 
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8. What is the essential operating principle of return traps? 

6. What approximate volumetric ratio exists between the water discharged by a 
return trap and the steam required to operate the trap. 

7. What are the apparent sources of loss of heat energy in the operation of return 
traps? 

8. How is the economy of return-trap service principally manifested? 

9. What is the minimum effective elevation of a return trap with reference to the 
boiler it is intended to feed? 

10. What considerations mainly affect the economy of non-return trap service? 

11. Why are expansion traps inadaptable for draining live-steam separators? 
IS. What tjrpes of traps should be connected to live-steam separators? 

IS. Why are expansion-traps well adapted for draining high pressure heating 
apparatus? 

14. What is the proper location for a non-return steam trap relative to the elevation 
of the apparatus it is intended to drain? 

15. Under what conditions might an expansion steam-trap be located above the 
apparatus it is intended to drain? 

16. What are the common bases of rating for steam-traps? 

17. Mention five structural features of general importance in the piping of steam 
traps. 

18. Under what circumstances are check-valves needed in the discharge pipes of 
steam-traps? 

19. Explain the purpose of a vent pipe connecting the top of a steam trap with the 
top of a steam separator. 

PROBLEMS ON DIVISION IS 

1. If a steam trap is 13 ft. above the apparatus to be drained, what pressure will be 
required to force the water up to the trap? 

S. It is found that a certain uncovered pipe line has a surface of 4530 sq. ft. The 
Bteam in the line is at 80 lb. per sq. in. gage pressure. What sise trap should be used? 



SOLUTIONS TO PROBLEMS ON DIVISION 1 
PUMP CALCULATIONS 

1. By Sec. 1, 9 X 22 h- 14.7 = 13.5 ft 

2. By For. (1), ^ = ^ = ^^3^^^^ = 13 lb. per sq, in. 

3. Total length of straight pipe = 115 + 38 = 153 /«. Three 90 deg. 
elbows = 3 X 8 = 24 /«. 0/ pipe. Two plugged tees = 2 X 16 = 32 ft. 
of pipe. Two globe valves = 2 X 8 = 16 /f. 0/ pipe. Total equivalent 
pipe length = 153 + 24 + 32 + 16 = 225 ft. Total friction head, 
LhfT = (225 -^ 100) 3.70 = 8.32 /«. head. Head equivalent to 150 lb. per 
sq. in., Lhmp — 150 X 2.31 ^ 346 ft. head. Measured head due to lift, 
Lkmd = 38 ft. head. Total measured head, LkmT = 346 + 38 = 384 
ft. head. Total head on pump, Lht — Lk/r + LhmT — 8.32 -f- 384 = 
392.32 ft. head (neglecting velocity head). By For. (1) P = Lht ■*- 
2.31 = 392.32 -5- 2.31 = 170 lb. per sq. in. 

4. Length of straight pipe = 153 ft. Three 90 deg. elbows = 3X6 = 
IS ft. of pipe. Two plugged tees = 2 X 12 = 24 ft. of pipe. Two globe 
valves = 2 X 6 = 12 /i. of pipe. Total equivalent length of pipe = 
153 + 18 + 24 + 12 = 207 ft. = equivalent length of pipe. Total 
measured head —LhmT = 384 ft. Head delivered by pump (Prob. 3), 
LkT = 392 ft. head. Head available as friction head Lh/t = Lht — 
LkmT = 392 - 384 = 8 ft. head. Friction head available per 100 ft. of 
pipe = 8 H- (207 -i- 100) = 3.86 ft. head. From Table 14, the water 
delivered = about 6Ji gal. per min. (This is found by interpolation.) 

6. 90 cu. ft. per m in. = 90 X 7.48 = 673.2 gal. per min. By For. (7), 
di = 4.95\/Vgm/Vm = 4.95\/6 7372/210 = 8.9 in. or a 9-in. suction pipe 
would be selected and 4.95^673.2/390 = 6.5 in., or a 7-in. discharge 
pipe would be selected. 

6. By For. (14), Yc/ = LAN,/1,728 = 20 X 10* X 0.7854 X 65 X 2 -s- 
1,728 = 118.2 cw. ft. per min. 

7. By For. (17), X = [100(7c/ ~ Va)]/Vc/ = [100 X (510 - 487] -5- 
510 = 4.51 per cent. 

8. By For. (18), E. = lOOVa/Vc/ - 100 X 487 -5- 510 = 95.5 per 
cent. 

Q R^ TT^. nQ\ V dp^^T'^-d 3.5» X (110 X 6.5 4- 12) X 0.98 

9. By For. (19), Va = 183.35 = igg^gg 

3.9 cu. ft. per min. 

M^ Tx T? fc^f^s ^ ^ / 183.35Fa ^ / 183.35 X (990 -f- 2) ^ 60 

10. By For. (20), d, = S^t^^i^ = V 100 x 0.96 

3.97, or practically 4 in, 
415 
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11. By For. (22): v^ = dp^Lt/di* = 5* X 80 ^ 2« = 500 /«. per min, 

12. By For. (23), Wu = WLa^i- = 20,106 X 38.5 = 774,081 /«.-». 

13. By For. (24), P^, = ^« = ^ = 23.5 /i.p. 

14. By For, (30), P., = 3^^^ = 33,^X0^85 = ^^^ ''^' 

« B 1? /'Ql^ n IOOW^Lat 100 X 9,000,000 X 120 

15. By For. (31), D. ^^ ^^ = 

30,857,143 /^-Z6. per 100 lb, of coal. 



SOLUTIONS TO PROBLEMS ON DIVISION 2 

DIRECT-ACTING STEAM PUMPS 

1. The effective plunger area is (12* X 0.7854) - [(3« X 0.7854) -h 
2] « 109.6 sq. in. The area of opening of each valve is 0.25 X 4 X 
3.14 = 3.14 sq. in. By Sec. (60), 109.6 X 0.3 -i- 3.14 = 10.6, or^ prac- 
ticaUy, 11 vcdves. 

SOLUTION TO PROBLEMS ON DIVISION 8 
CRANK-ACTION PUMPS 

1. Substituting directly in For. (48) : — 

_ VgmLkmT 150 X 225 rtfi , /TT OC L X \ 

Pwkp = 1300 "" — OOO"" ^ ^' ^ ^' motor) 

2. Vgm (For. 49) = 30 X 0.9 = 27 gal. per min. 

Lkmt = 50 +175/^. = 225 /«. 
K (Table 108) =0.69 

LfK = 0.69 X 175 = 121 ft. 

Substituting in For. (49), Pbhp = — ^ qoq "* ^'^ ^- P" 

(Use 5-h.p. motor). 

SOLUTIONS TO PROBLEMS ON DIVISION 4 
CENTRIFUGAL AND ROTARY PUMPS 

1. By For. (51), the velocity = t;« = 481 VX/ = 481 X vleO = 
6,085 ft. per min. 

2. The circumference of the impeUer = 6,085 -i- 1710 = 3.558 ft. or 
3.558 X 12 = 42.7 in. The diameter - circumference -?- 3.1416 = 42.7 
^ 3.1416 = 13.6 in. 

3. By For. (53), the head produced at the new speed = Lkn ^ 



©'^"■-(S)'-^--"^'- 
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4. By. For. (52), the quantity of water delivered at the new velocily —■ 

N2 XVgmi 1,600 X 400 
Ni " 1,450 

6. By For. (61), the width of a single belt — L^ = ' ^ , — - 



*^ff«* = AT =* 1 ytgn = 441 gal. per mm. 



N Xd 



2,620 X 10 . . 
=- 900X7 ^^^^- 



SOLUTIONS TO PROBLEMS ON DIVISION 5 

INJECTORS 
From For. (62) 

Here T/i = 60 deg. fahr. and T/d = 200 deg. fahr. For 100 lb. 
per sq. in. gage the following valves are found in the steam tables: 
T/9 « 338 deg. fahr., Hv = 879.9 B.t.u. per Jb. When there is a moisture 
content of 2}i per cent., x — 1.00 — 0.025 = 0.975. Then substituting 
in For. (62) : 

--- 0.975 X 879.9 + (338 - 200) ^ .. ,. . , , « 

Wkw =» 900 — fin = 7.11 lo. of water pumped per lb, 

of steam 
Again applying For. (62): — 

„ -^ _ 0.975 X 879.9 + (338 - T/a) 

Transposing and simplifying: 

10 T/rf - 600 = 857.9 + 338 - Tu 

11 !r/rf = 1,796 
Therefore: 

T/d = 163.26 deg. fahr. 

3. From For. (69), for water tube boiler: 

Gallons per hour of injector «= ^-^ = ^-79 ~ 206.7 

Increasing by 30 per cent, these results: 206.7 + (30 X 206.7) = 
268.71 gal. per hr. 

Looking in Table 194, the Size B is required to pump 260 gal. per hr. 

Therefore it is the size to use. Note. If the lift is very great {over 15 
feet) it is advisable to select the next larger size of injector. 

4. From Table 194, under Pipe Connections the size given is ^ in. for 
the injector Size B of Prob. 3. This is the correct size for all steam and 
delivery lines, except when the run is unusually long. The suction line 
will be ^i in. for an 8 ft. lift. For a 15 foot lift, a 1-in. suction line would 
be recommended. For a lift of 20 ft., it would be advisable to use 1 }i-in. 
pipe for the suction line. 

27 
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SOLUTION TO PROBLEMS ON DIVISION 6 

BOILER FEEDING APPARATUS 

1. By For. (74) gcU, per hr. required = 6 X Pshp = 6 X 600 =- 3,600 
gcU. per hr. 

To retain the same per cent, excess capacity when boilers are forced 
225 per cent, the capacity is: 

3,600 X 2.25 = 8,100 gcd, per hr. 

2. Pounds of water per hour required by main engine = 

500 X 33,000 X 60 v i nm - r finn 7f» ^ ;.r 
150,000,000 ^ ^'^ ^'^ ^^' ^ ^'' 

The auxiliaries require 10 per cent, of this or 660. 

The total normal requirement is then 6,600 + 660 = 7,260 W. per hr. 

A 50 per cent, excess over this capacity = 1.5 X 7,260 — 10,890 lb. per 

hr. 

There are about 8.34 lbs. of water in a gallon. 

10 890 
Therefore the pump capacity in gallons = J^, = 1,305 gal. perhr. 

SOLUTIONS OF PROBLEMS ON DIVISION 7 
FEED-WATER HEATERS 

1. The quantity of exhaust steam used in heating the feed-water » 
(500 X 20 X 11) -5- 100 = 1,200 lb. per hr. The total heat in the steam, 
above 32 deg. fahr., is about 1,150 B.t.u. per lb. Hence, by For. (77): 

_ !r/iW/ + 0.9W,(g+32) _ 
^* ■" W/ + 0.9 W. 

(90 X 10.000) + [0.9 X 1,200 X (1,150 + 32)} _ 

10,000 + (0.9 X 1,200) " ^^-^ '*^^- ^"'^^^ 

2. As given in a table of the properties of saturated steam, the total 
heat, above 32 deg. fahr., in steam at 150 lb. per sq. in., gage, is 1,195 B.t.u. 

per lb. Hence, by For. (76), the saving = H/ = jf — %i ^W 100 

« — (i/i — oZ) 

= 1,195 -(W- 32) X 1°« = 12-85 per cent. 

3. As given in a table of the properties of saturated steam, the total 
heat, above 32 deg. fahr., in steam at 125 lb. per sq. in., gage, is 1,192 B.t.u. 
per lb. Hence, by For. (76) the probable thermal saving = H/ = 

rp rp rt< n 1 pQ 

H -It^, -32)^^ " 1,192 -(150 -32) X ^^ = ^.8 per cent. The 
present annual cost of the fuel supply = 3.5 X 5 X 300 = $5,250. 

5 250 X 5 8 
Hence the probable annual saving = - — ^nr) — ~ — $304.50. The 

300 X 6 
interest on the investment =» — j^ — = $18. The annual cost of 
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depreciation = ^qq = $18.00. The annual cost of maintenance 

and operation = 12 X 4 « $48. Hence, the probable annual net 
saving = 304.60 - (18 + 18 + 48) = $220.50. 

4. By Table278, U = 350. Hence, by For. (81) A/ = T^^^^m" Tm^ x 

15,000 X ( 200 - 70) . . . ., 

70 + 200\ " ^^'^ *^- •^^• 



350 



X (220 - 



2—; 



5. By For. (78) the weight of steam condensed, 

{Tn - Tn)W, ^ 

W. - 0.9(H + 32) - T/, + 0.1^/, 

(205 - 40)15,000 .2370Z6 ver hr 

0.9(1,150.4 + 32) - 40 + (0.1 X 205) '"* " ^^' ^^ '^^' 

SOLUTIONS OF PROBLEMS ON DIVISION 8 
FUEL ECONOMIZERS 

1. By Fig. (266), the weight of combustion gases which contain 
12 per cent, of CO2 = 13 lb. per lb. of coal. Also, the weight of combus- 
tion gases which contain 8 per cent, of COs == 20 lb. per lb. of coal. 
Hence, the leakage-air = 20 — 13 = 7 lb. per lb. of coal. The heat, 
above the outside air-temperature, which is contained in the gases 
leaving the boiler = (550 - 50) X 13 X 0.24 = 1560 B.t.u. per lb. of 
coal. The heatf above the outside air-temperature, which is contained in 
the leakage air = (250 - 50) X 7 X 0.24 = 336 B.t.u. per lb, of coal 
Hence, the per cent, of loss = 336 -5- 1,560 = 21.6 per cent. 

2. By For. (82) the requisite ratio ^ X ^ Tfg -i- Tf„ = Cv,W„/CgWg 
= (1 X 8) -^ (0.24 X 15) = 2.22. 

3. By Fig. 276, the lowest temperature-difference consistent with 
profitable operation = 100 deg. fahr. Hence (Sec. 305) the lowest 
permissible temperature of the gases leaving the boiler = 100 + 377.5 == 
477.5 deg. fahr. By Fig. 277, the corresponding boiler heating-surface 
= 9 to 10 sq. ft. per h.p. 

4. By Fig. 278, the least temperature-difference, consistent with 
economy, between the water and the gases = 40 deg. fahr. Hence, the 
lowest permissible temperature of the gases at exit = 200 -|- 40 = 240 
deg. fahr. 

6. The heat-transfer = 5.5 X 300 = 1,650 B.t.u. per sq, ft. per hr. 
Hence, the requisite area of heating-surface — 50,000 X 50 -?■ 1,650 = 
1,515 sq. ft. 

6. By For. (83), Z = 100 (r'/u, - rf„)/(H + 32) -T^ = 100 X 
(250 - 110) ^ (1197.3 + 32 - 100) = 12.4 per cent. 

7. The annual cost of fuel without the economizer = (2,400 X 24 X 
4.3 X 300 -r 2,000) X 4.25 = $157,896. ffe*^ saving effected by the. 
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economizer » 157,896 X 12.3 -s- 100 » $19421.21. The annual cost of 
operation, maintenance and depreciation of the economizer » 12,000 X 
0.15 » $1,800. Hence, the net annual saying » 19421.21 - 1,800 » 
$17,621.21. 

SOLUTIONS TO PROBLEMS ON DIVISION 9 
STEAM CONDENSERS 

1. By For. (84), the greatest possible thermal efficiency rum-condensing » 

-- Ti -T2 (450 + 460) - (255 + 460) _ 125 ^ . ^ ^^ ^. 
^ ^ -TT" ^ 450 + 460 9l0 = 24,7 per cent. 

AIbo by For. (84), the greatest possible thermal efficiency condensirig — 

w T, - T, (450 + 460) - (80 + 460) 370 ^ - ^, ,^, 
E, = — ^-^ = 450 + 460 910 = *^-^ P*' '^- 

2. By For. (85) the saving in power due to condensing operation = 

4?P-r=iLX26^= 16.6 percent. 

3. By the graph, Fig. 286, the ideal steam consumption of the turbine 
is 14 lb. per h.p. hr. non-condensing and 7 lb. per h.p. hr. condensing. 
The actual steam consumption condensing, then = 

7 

jT X 22 = 11 Z6. per h.p. hr. 

4. The absolute condenser pressure = 29.8 — 27 = 2.8 in. of mercury. 
By For. (87), the absolute pressure — 

T> Phmb — Pktnv 29.8 27 _ 1 oo Ik ^.^ »« v^ 

^- " — 2:03 2703 ^-^ *• ^ "'• *"• 

The per cent, of the possible vacuum — 

27 



29.8 



X 100 = 90.6 per cent. 



6. By For. (88), the volume of the condenser = 7 = 0.001,43 W, + 
8.25 = (0.001,43 X 10,000) + 8.25 = 22.55 cu. ft. One hour = 3,600 
sec. One cubic foot of water weighs 62.5 lb. Therefore, the volume of 
the cooling water = 

10,000 X 36 , ^ ., 

3,600 X 62.5 == ^'^ ^- ^^' ^' '''' 

10 000 
The volume of the condensate = q fiOO V 62 *S ~ ^-^^ cu.ft. per sec. 

Hence, the tail-pipe area = — «-^ = 0.329 sq. ft. = 0.329 X 

liTA 
144 = 47.4 sq. in. Therefore, the tail-pipe diameter = \/"7qk o' ^'^ *^' 

or approximately, 8 in. 
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6. By Table 345, the steam temperature corresponding to a 27 in. 
vacuum = 115.06 deg. fakr. Hence, the temperature difference between 
the discharge and the entering steam = 115.06 — 105 = 10.06 deg, fahr. 

By Table 345, total heat in steam at a 27 in, vacuum — 1110.2 B.t.u. per 
lb. By For. (89), the weight of cooling water required = 

--- ^r H - Tn + 32 .nn/v. 1110-2 - 105 + 32 ...Qonii. 
W„= W. — ^ — —-^ = 10,000 105 ^ 80 ^ 414,880 Ih, per 

hr. One gaUon ^ 8.3 W, of water. Hence the volume of cooling^water 

. , 414,880 -._ , 
required = aq v 8 3 ~ ^ '^ ^*^' 

7. As referred to a 30-in. barometer (Table 345) the degree of vacuum = 
30 - 29.5 + 28 = 28.5 in. of mercury. By Table 345, the total heat of 
steam in. a 28.5 in vacuum = 1,100 B.t.u, per lb. By For. (89), the weight 
of water required, 

W„ = W. ^ '^^"t^^ = 10,000 ^^^^^" ^l^ ^^ = 523,500 lb. per hr, 
I ft — I ft o7 — 07 

8. By For. (90), the quantity of heat to be abstracted from the steamy 
Ht = W,{H - Tfc + 32) = 150,000(1095.6 - 80 + 32) = 157,000,000 
b.t.u, per hr. By For. (91) the tube surface required, 

. Ht 

' U(Tf. - VilTn + TMY 
U, by Table 350 = 600. T/,, by Table 345, ^ 82 deg. fahr. Hence, 

157,000,000 ^10 100,^ ft 

^^ 600(82 - >^[60 + 771) ' ^' ^ 

SOLUTIONS TO PROBLEMS ON DIVISION 10 
METHODS OF RECOOLING CONDENSING WATER 

1. By Table 393, the relative humidities of the air at entrance and 
exit are, respectively, 55 per cent, and 92 per cent. By Fig. 315, the 
weight of saturated water vapor per cubic foot of air = 0.001,1 lb. at 
70 deg. fahr. and 0.002,2 lb. at 90 deg. fahr. Therefore, the moisture 

0.001 1 X 55 
content of the air at entrance = — ^^ = 0.000,605 lb. per cu. ft,, 

0.002 2 X 92 
and of the air at exit = - — ^^ = 0.002,024 lb. per cu. ft. Hence, 

the quantity of water absorbed per cubic foot of air — 0.002,024 — 0.000,605 
= 0.001,419 lb. 

2. By Sec. 402, the area required for a simple cooling pond — 1,000 X 
120 = 120,000 sq. ft. 

By Sec. 411, the area required for a spray pond = — stw^ «= 

3,000 sq, ft. 

3. By solution of Problem 1, the quantity of water evaporated, per cubic 
foot of air-flow through the tower, = 0.001,419 lb. By Sec. 399, the heat 
abstracted, per pound of water evaporated, = 1,000 B.t.u. 1 gal. = 8.3 lb. 



107 X 100 



422 SOLUTIONS TO PROBLEMS 

T., . ,, , / • ^ -I 800 X 8.3 X 20 X 80 

Therefore, the volume of atr-flow per mintUe — n qqi 419V1 000x100 ~ 

74,870. cu. ft. 

By For. (92), E = 100 y^| ^ y^^J = 100 X ^^^ Z 60 =" ^'^ ^ '^^' 
The water lost by evaporation = 74,870 X 0.001,419 = 106.24 lb. per 

106.24 
min, or qqo q q ^ ^^ ~ ^-^ P^ ^^^^*- 

4. By solution of Problem 3, the volume of air-flow = 74,870 cu. ft. 
per min. By Sec. 423, the aliowahle velocity of air-flow = 700 ft. per min. 

Therefore, the/ree area = y* =107 aq. ft. 

By Sec. 423, the /rec areo = 64 per cewi. of the total horizontal cross- 

V107 X 
fi^T 

13 /«. 

5. By Table 408, the dischargey per nozde^ = 60 gal. per min. or 60 X 
60 X 24 = 86,400 gal. per day. Hence, the requisite number of nozzles — 
40,000,000 _ 

86,400 "^ ^^'^' 

By Sec. 411, 1 sq. ft. of pond area will suffice to cool 250 lb. of water per 

, 1 1 Q o lu XT xu ' '4 40,000,000 X 8.3 
hour. 1 gal. = 8.3 lb. Hence, the requisite area = ^gn y 24 ~ 

55,333 sq. ft. 

SOLUTIONS TO PROBLEMS ON DIVISION 11 

STEAM-PIPING OF POWER-PLANTS 

1. A table of the properties of saturated steam shows the density at 
150 lb. pressure, gage, to be 0.363 lb. per cu. ft. By For. (97) d» = 



13.54^^ 



30,000 -^ 60 . _ . X. ,, « . 

= 5.6 in. or practically 6 m. 



.363 X 8,000 

2. By For. (99), dim = Vrf»i* + da^ -\- dn^ + etc. = 

\/2.52 + 4« H- 5« + 7* = 9.8-in., or, practically, 10-in. 

3. By For. (100), L. = 114 d. -s- (l -|- ^) = 114 X 6 -5- (l + ^) = 
427.5 in. or 427.5 -^ 12 = 35.6 /«. By For. (101) Le = 7^i -^ (l + ^j 

= 76 X 6 -5- (l H- ^j = 285 in. or 285 -s- 12 = 23.75 ft. Hence, the 

total equivalent pipe-length = 35.6 X 2 + 23.75 = 94.95 ft. 

4. A table of the properties of saturated steam gives the temperature 
at 135 lb. pressure, gage, as 358.5 deg. fahr. A manufacturer's table of 
pipe sizes (Nat. Tube Co.) gives the outside diam. of an 8-in. pipe as 
8.626-in. By For. (103), L b = 0.043 VdoLp!r/ = 0.043 X 

\/8.625 X 150 X (358.5 - 60) .= 26.72 ft. 
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5. A table of the properties of saturated steam gives the temperature 
and latent heat of steam at 125 lb. pressure, gage, as 353.1 deg. fahr. and 
867.6 B.t.u., respectively. By formula (104) W« = 2.7 A(T/» - T/a) -5- 
Hv = 2.7 X 2.816 X 30 X (353.1 - 90) -5- 867.6 = 69.17 H>. per. hr. 

SOLUTIONS TO PROBLEMS ON DIVISION 12 
LIVE-STEAM AND EXHAUST-STEAM SEPARATORS 

1. Reduction of moisture content: 98 — 95 = 3 per cent. From 
Sec. 457 a full saving of 1 per cent, results for each per cent, increase of 
dryness of the steam. Cost of coal per year: 30 X 365 X 4.00 = 
$43,800. Saving due to better separation: 0.03 X 43,800 = $1314.00. 

2. By For. (105): E = 100W«,/W« = 100 X 285 -J- [5600 X (1.00 - 
0.93)1 - 72.7 per cent. 

SOLUTIONS TO PROBLEMS OF DIVISION 13 

STEAM TRAPS 

1. From Sec. 495, at least, 13 X 0.5 = 6.5 lb. per aq. in. 

2. By For. (106), W„ = A/K - 4,530 X 1.6 = 7,248 W. per hr. = 
water condensed. From Table 498, a trap with ^ in. pipe connection 
and 1^2 *^« valve orifice is required. 
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Absorption in steam separators 395 

Absorption separator 389 

operating principle 395 

Adjustment of injector water supply 170 
Air and water in recooling system, 
devices for bringing into 

contact 337 

and water, power <>o remove 

from conaenser 284 

atmospheric, relative humidity, 

how determined 332 

below suction-valves, effect on 

pump 66 

between pump suction and dis- 
charge decks effect 67 

in suction-line, accumulation ... 8 
leakage in condenser, preven- 
tion 312 

leakage into economizer setting 260 
temperature, effect on recooling 345 
unsaturated, water-vapor pres- 
sure, now determined 337 

Air-chamber charging-apparatus for 

high pressure pumps 51 

connections 49 

for duplex-pump 50 

for simplez-pump 50 

function of 50 

in pump, apparatus for replen- 
ishing, illustration 49 

in suction line, centrifugal pump 145 

pump, water-level in 50 

steam-pump with, illustration 48 
volume, ratio to water-piston 

displacement 51 

Air-cooling in surface condenser 290 

Air-pocket in centrifugal pump suc- 
tion line 143 

Air-pump, condenser, function 283 

Radojet 308 

simplex-pumps as 65 

Wheeler- Ed wards 309 

Alberger barometric condenser dry 
air-pump connection illus- 
tration 309 

Alberger hurling-water pump, prin- 
ciple of, illustration 306 

Alberger Pump and Condenser 
Company's Catalog, hot 
water pump suction graph 137 
Alberger Pump and Condenser 

Company, centrifugal pump 111 
Altitude, effect on pump suction .... 1 
Altitudes, pump suction-lift at vari- 
ous, table 2 

American Correspondence School 

on feed-water heaters.^ 214 

"American Society Mechanical Engi- 
neers, Proceedings," 
cooling pond-area data . 342 
"Transactions," pipe-sizes 

(rraph 374 

American Society for Testing Mate- 
rials, standard terminology . 
for pipes 367 



Paqb Paob 

Ammonia condenser, condensing 

water for 329 

Anchors for steam piping 380 

Area, effective, of piston 20 

of plunger 20 

of steam cylinder to balance 
given water pressure, for- 
mula 37 

of water cylinder to balance 
given steam pressure, for- 
mula 37 

Asbestos heat-insulating for dosed 

heater 246 

Atmospheric cooling device, effi- 
ciency, formula 334 

ideal and actual range 333 

Austin baffle-plate ^^^^ live- 
steam separator illustration 391 
baffle-plate underslot horizontal 
live-steam separator, illus- 
tration 392 

exhaust-steam separator for 

vacuum service, illustration 392 
reverse-current live-steam sepa- 
rator, iUustration 390 

Automatic return apparatus, illustra- 

_ tion 202 

Auxiliaries,^ non-condensinp; steam- 
driven, in condensing steam 

power plants 180 

supply of exhaust steam from 231 

B 

Back pressure decreased by con- 
denser 282 

Badenhausen integral economizer 

or preheater 255 

Badger and Sons Company, spray 

nozzle 344 

Baffle-plate separator, operating 

principle 392 

Balancing double-suction pumps .... 117 

Balancing piston, automatic hy- 
draulic 116 

impeller 115 

Ball-float steam trap 407 

Baragwanath single flow condenser . . 2^4 

Barometer, effect on condenser 285 

Barometric jet condenser adjust- 
ment and care 315 

Baum baffle-plate horizontal- 
steam separator, illustra- 
tion 392 

exhaust-steam separator for 

vacuum service, illustration 392 

Bearings, centrifugal pump, care 

of 151 

Bed-plate of centrifugal pump, 

grouting 141 

Belt drive, centrifugal pumps 131 

reauired width, centrifugal pump 131 

Bend, long-radius in pump piping, 

illustration 6 

to take up expansion in pipe of 
given length, pipe rcKiuired 
for formula 378 

425 
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Bends for taking up expansion 

Btresses in piping systems . . 370 
Blake-Knowles closed feed-water 

heater 210 

open feed-water heater 233 

Blower, soot, for economisers 258 

inspection in economiser 274 

Blow-off pipe for closed heater 247 

valve for heater 246 

valve, inspection in economizer 274 
Body, freely falling, velocity formulas j05 
Boiler, condensation returned to with 

Holly loop 383 

connection to duplicate main 

headers 372 

evaporative ctmacity increased 

by hot feed-water 212 

feed, beltKiriven double-acting 

pump for 78 

oentrifu^l pumps table of 

capacities 194 

per cent, returned to, from 

surface condenser .319 

pump capacities, table 193 

pump^ governors on direct- 
actinf^ steam pumps 198-201 

pump sues 193 

pumps for 135 

service, selection of direct- 
acting steam pump for 65 

vertical duplex-pump, illustra- 
tion 55 

feed-water, heat saved by pre- 
heating 212 

preheating with exhaust 
steam, monetary saving 

resulting 213 

feeding apparatus 171-205 

devices, relative economies, 

table 174 

devices, relative efficiencies ... 173 

centrifugal pumps 136 

pumps compared to steam 

traps for 205 

table of pump applications ... 190 

where exnaust steam is needed 180 

flexibility due to economiser .... 272 

flue, water for, formula 165 

forced, life of 197 

forcing, feed-pump capacity .... 197 

forcing in large plants 197 

heating-surface, additional, com- 
pared to economiser 267 

temperature difference for . . . 268 
high stresses caused by cold feed- 
water 207 

plant, steam supplied by, 
methods of distributing. . . . 371 

pressure for economizer 273 

pressure-head in . . 8 

rating determining feed-water 

reauirements for, formula . . 195 
strain due to cold feed- water ... 160 

tubular, water for, formula 165 

water-tube, gas temperature in, 

llustration 267 

water tube, water for, formula.. 165 

with hot-water returns, feeding 202 

Boiler-efficiency due to economiser . . 272 

Boiler-feeder, duplex . . 204 

Boiler-horsepower, ratio to econo- 
miser heating-surface 269 

Bourdon tube vacuum gage 284 

Brackets, wall-, for steam piping .... 380 
Briggs formulas for pressure-drop in 

steam pipes 377 

Bucket-float steam trap 405 



Page 
Buckley siphon condenser, diagram 292 
Bundy gridiron horiaontal steam 

separator, illustration 394 

return trap, illustration 406 

trap, illustration 203 

Buoyancy steam trap 403-407 

Burg, F. A. Application of Con- 
densers 316 

Burhorn metallic cooling tower 
for double-pipe ammonia 

condenser 330 

open atmospheric cooling tower 352 
sheet metal cooling tower louvres 354 
Burnham compound simplex-pump, 

iUustration 64 

Butt-weld, strength of 366 

Butt-welded inpes 365 

By-pass economizer installation, 

illustration 261 

external, in steam-trap 412 

on boiler-feed pump, illustration 186 



Carbon dioxide drop through econo- 
mizer 260 

Carpenter, H. V. Steam-pipe size 

chart 373 

Center-head, marking striking point 62 
Centrifugal and rotary pumps . . 101-153 

force, illustration 102 

pump, advantages of 134 

air-chamber in suction line . . . 145 

application 95, 135 

at wrong capacity or head 135 

bed-plate grouting 141 

belt drive 131 

boiler feeding 136 

boiler-feed, table of capacities 194 
capacity and impeller speed 

formula 107 

capacity heads and speeds 126-128 

casing, draining 151 

change of operating condi- 
tions, effect of 128 

characteristic graphs 124 

characteristics at deidred 

speed, graph 129 

classification 109 

commercial 103 

comparative efficiency 112 

compared to reciprocating 

pumps 134 

connection of suction nozzle. . 142 

development of 101 

direct-connected motor-driven 131 

direction of rotation 139 

disadvantages of 134 

discharge pipe, how valved . . . 147 

discharge piping 145 

drives for 133 

effect of various factors on 

efficiency 105 

efficiency 126-128 

electric motor drive 132 

electrically-driven, steady vol- 
tage 151 

explanation 104 

Fairbanks-Morse multi-stage, 

illustration 113 

flexible coupling for connecting 133 
for boiler-feed, selection of . . . 136 
for boiler feeding, disad- 
vantage 193 

for condensate pump, advan- 
tages 308 
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Page 
Centrifugal pump for condenser cir- 
culating pump, advantages 308 

for condensing water 135 

foundation bolts for 140 

foundation for 140 

guide bearing, illustration. . . . 122 

handling hot water. 137 

head, volume, R.P.M. rela- 
tions, graph 126 

heads and speeds 126-128 

illustration of principle 103 

impeller, theoretical speed 106 

in connection with feed-water 

heater 136 

independent suction lines for, 

illustration 143 

installation 138 

left-hand, illustration, defini- 
tion 140 

leveling 141 

maintenance 151 

mechanical e£Sciency 193 

methods of driving 131 

methods of priming 147 

motor-driven, for boiler feed 192 

speed variation 151 

speeds 132 

multi-stage, for high heads ... 112 
open-tjrpe impeller, illustra- 
tion 118 

operating principle 101 

performance characteristics . . . 122 

positions of discharge-nozzles. 140 
power required and speed of 

impeller, formula 108 

power required to drive at any 

speed 130 

pressure head and speed of 

impeller 108 

priming 146 

put in service, bearings 

cleaned 151 

quantity of water delivered 107 

required belt width 131 

right-hand, illustration, defini- 
tion 139 

run in wrong direction 151 

with discharge valve closed 149 

with casing empty 147 

selection of 138 

single- and double-suction .... 114 
single-stage volute, illustra- 

^ tion 103 

size and capacity 107 

speeds heads and capacity. 126^128 

starting 149, 151 

submerged type 120 

submersible type, illustration. 150 

suction lift of, now measured . 8 

piping 141 

vacuum pipe 145 

test 122-124 

test conditions for 124 

theory 101 

two-stage double-suction tur- 
bine, illustration 110 

explanation 114 

vertical shaft 120 

submerged, thrust-bearing 

for 152 

thrust bearing for 121 

volute and turbine, applica- 
tions of Ill 

water rate of turbine for 193 

with branch discharge pipe, 

illustration 149 

separator 389 
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Centrifugal separator, operating prin- 
ciple 390 

Chamber, vacuum, in pump, func- 
tion of 51 

Check valve, faulty boiler 169 

in centrifugal pump dis- 
charge 146 

in discharge pipes of steam 

traps 413 

Checkerwork, cooling tower, com- 
puting height 360 

cypress board, illustration 351 

for mixing chamber 852 

wood, for cooling towers 353 

Circulatinig pump, surface condenser 321 
Cleaning condenser, cost, what 

determines 324 

jet and surface condensers, 

relative cost 323 

Coal consumption, duty of steam 

pump on basis of, formula 32 

with economizer, graphs 271 

"Coal Miner's Pocketbook" on pump 

management 66 

Cochrane feed-water heater, illustra- 
tion 226 

heater in condensing plant, 

illustration 180 

horizontal receiver - separator, 

illustration 387 

open induction feed-water 

heater 219 

Coefficient of heat transference, 
value effected by conditions 

in condenser tubes 304 

Coke heater packing 246 

Column, fluia, static head definition 
of water, converting to unit 

pressure, formula 4 

Com Dining tube of injector 156 

Combustion-gas, temperature, loss 
of, ratio to gain of feed- 
water temperature 266 

Commonwealth Ikiison Company, 
Fisk Street Station, boiler 
and economizer surfaces 269 
Condensate from heating, traps for 

returning 203 

issuing from jet condenser, 

velocity 299 

Condensation and entrainage in 

steam-piping, steam trap for 403 
due to loss of heat from Dare 

steam pipes formula 381 

from heating coil, method of 

trapping, illustration 410 

in high-pressure steam-piping 
returned to boilers with 

Holly loop 383 

in primitive steam engines 278 

in steam-heating and power 

apparatus, steam trap for . . 403 
rate of steam at various pres- 
sures in uncovered pipe 

lines, table 412 

Condensation-water, quantity to be 
trapped from piping system, 

formula 411 

Condenser, Alberger barometric, dry 
air pump connection, illus- 
tration 309 

ammonia, condensing water for . 329 
low-temperature cooling tower 

test data, table 358 

temperature of water leaving 332 
and spray-cooling outfit, per- 
formance guarantees 347 
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Condenser, application of, F. A. Burg 316 

auxiliary, types of pump used as 305 

Baragwanatn single flow 294 

barometric jet, adjustment and 

care 315 

Buckley siphon, diagram 292 

care of 312-316 

classification 289 

cleaning 315 

cleaning, what determines cost 324 
cooling water character, quan- 
tity and source factors in 

selection of 318 

counter-current 289 

double-pipe ammonia, with 
"Burhorn" metallic cooling 

tower 330 

dry-tube 300 

ejector jet, adjustment and care 315 

operation 298 

elementary jet, illustration 289 

volumes of air, water and 

steam, diagram 283 

evaporation cooling 290 

feea-water quality factor in 

selection ^ 318 

for steam-driven prime mover, 

selection of 325 

increase in thermal efficiency 

due to, formula 281 

jet 289 

and surface relative cost 323 

connected in parallel ' . . . 296 

effect of bad water 319 

ejector 289 

first cost less than that of 

surface 323 

how to restore vacuum and 

condensing operation 314 

low-level 289 

or surface, quantitv of cooling 

water required, formula .... 299 
power requirements compared 

to surface condenser 322 

pumping head 320 

pumping head of circulating 

pump 321 

pumps, cost of maintaining . . . 323 
ratio of water to steam fixed 

for given vacuum 321 

requisite size, formula 298 

table of operating costs 326 

temperature of water dis- 
charged from 300 

two on same exhaust line 296 

velocity of condensate issuing 

from 299 

velocity of exhaust steam 

entering 299 

with reciprocating engine .... 296 
joints and stuffing boxes, index 

to condition 316 

Koerting multi-jet ejector, illus- 
tration 293 

leakage of air, prevention of ... . 312 

low-level jet, operation 295 

most profitable vacuum in 285 

multi-flow 293 

illustration .^ 294 

of compound condensing engine, 

cooling tower data table ... 361 

parallel current 289 

power saving due to, formula . . . 281 
power to remove air and water 

from 284 

pump, electric or steam, type of 

drive for 322 
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Condenser pumps 305 

selection and economics. . . . 316-318 
selection for given installation . . 316 

siphon jet 289 

or barometric jet, operation . . 297 
without pump, apparatus for 

starting 298 

jet, started and operated with- 
out pump 298 

standard jet, starting 295 

stopping 297 

steam 277-327 

condensing water for 329 

definition, purpose 277 

high-temperature cooling 

tower test data table 359 

saved by 279 

saving due to, graph 282 

temperature in 330 

surface 289 

air-cooling 290 

and jet, comparison of pump- 
ing heads 320 

built-in-tube-cleaning equip- 
ment 324 

circulating pump pumping 

head 321 

discharge from used for boiler 

feed-water 388 

double flow 292 

effect of bad water 319 

effectiveness preserved by 

exhaust-steam separation 388 

elementary, illustration 291 

first cost greater than that of 

jet 323 

forced-draft cooling tower 

with 354 

fouling of tubes, result 315 

heat transference in 300 

leaky tube ends, result 315 

LeBlanc 311 

operation 300 

per cent, of boiler feed returned 

to boiler 319 

power requirements compared 

to jet condenser 322 

pumping head §20 

pumps, cost of maintaining . . . 323 
purity of water delivered to 

feed heater 318 

ratio of water to steam varied 

to suit conditions 321 

replacement of tubes 325 

single flow 292 

table of operating costs 326 

temperature "drop" in, defini- 
tion 304 

typical, illustration 291 

water-cooling 290 

Westinghouse-LeBlanc 311 

temperature, vacuum corre- 
sponding to 315 

tubes, metals used for 302 

tube gland, Worthington stand- 

. ard 302 

grease removed from 316 

heat transfer in 304 

siaes 302 

vacuum, gages for measuring . . . 284 

loss while running 313 

relation to steam consumption 286 

Watt, engine with 278 

Wheeler rain type low-level jet 294 

when hot will not work 314 

Worthington independent jet, 

illustration 290 
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Condensing equipment, arrange- 
ments 341 

operation, advantages 288 

table snowing economy 287 

work gained by, diagram 280 

plant, steam useful for feed- 
water heating 230 

plants, vaouum and atmospheric 

feed- water heaters 217 

water, centrifugal pump for .... 135 
for steam and ammonia con- 
densers 329 

recooling methods 329-361 

Condensing-engine exhaust line, 
vacuum trap for draining 

separator 404 

Conduction, cooling bv 329 

Connecting rods for oeep-weU pump 88 

Contra-flow in economiaer 265 

Convection, cooling by 329 

Cooling, atmospheric, limit of 333 

device, atmospheric, efficiency, 

formula 334 

pond area data 342 

cooling effect on condensing 

water 329 

depth 343 

diagram 337 

evaporation rate formula 337 

requisite surface area 340 

satisfactory for small plants . . 337 
simple, requisite area com- 
puted 342 

spray fountain with 343 

tower, atmospheric, average 
temperature reduction in 

summer, formula 356 

classification 353 

closed, loss of water less than 

in oi>en 355 

closed or chimney-flue, forced 

draft 354 

closed or chimney-flue, natural 

draft 353 

closed or flue completely 

enclosed 355 

closed, using either forced or 

natural draft 354 

"Cooling Tower Company's Cata- 
logue," formula for tempera- 
ture reduction in summer . . 356 
temperature reduction 

formula 347 

design, distributor and 

decks, illustration 351 

high temperature natural 
draft cooling tower test 

data, table 359 

"impact" nozzles 343 

impact spray nozzle 345 

installation, spray-nozzle 

tests, graph 346 

low temperature cooling 

tower test data, table 358 

on atmospheric cooling .... 333 
table of atmospheric condi- 
tions 331 

computations based on tests 

and practice 355 

principles involved 355 

construction and operation . . . 350 
cooling effect on condensing 

water 329 

cost 361 

fan-blower height required . . . 361 

for artificial cooling 318 

forced-draft, for condensers 



Paob 
of compound condens- 
ing engines, data table. 361 
with surface condenser . . . 354 
high-temperature natural 

draft, for steam condenser, 

test data, table 359 

low-temperature natural draft, 
for ammonia condensers, 

test data table 358 

open, loss of water greater 

than in closed 355 

open or atmospheric 353 

per cent, of recooling resulting 

from evaporation 352 

performance, typical data. . . . 357 
proportions, method of com- 
puting 360 

total heiJBht 361 

water-loss per cent 357 

wood checker work for 353 

Worthington, illustration 339 

water, character, quantity and 
source, factors in condenser 

selection 318 

cost of handling 320 

required for jet condenser 299 

Corrosion of economizers 257 

Corrosive liquids, pumping 93 

Cost of operation of boiler-feed pump 179 

Counterflow principle 300 

Coupling, flexible, for connecting 

centrifugal pump 133 

illustration 134 

Crane Company, working pressures 
for wrought iron and steel 

pipes, data 367 

Crank-action power pump 75 

classification 82 

compared with direct-action . . 78 

data, table 93 

for deep well, classification ... 85 

piston speeds, table 92 

walking-beam type 76 

water-ends of 80 

Crank-and-fly-wheel pump 75 

advantages and disadvantages 80 

application 95 

economies 77 

hydraulic elevator, illustra- 
tion 78 

in city water works 79 

sizes 94 

steam pumps 79 

Cross-head of auplex-pump 62 

Cross-heads secured to duplex-pump 

piston-rods 61 

Cup-washers for deep-well pump- 
plungers 98 

for pump-plungers, table of 

cumensions 99 

Current-flow, relative, through econo- 
mizer 265 

Cushion-valves for duplex-pumps ... 64 

Cylinder area, definition 34 

area of water, formula for 35 

diameter of water pump, formula 

for 35 

steam, area to balance given 

water pressure, formula .... 37 
water, area to balance given 

steam pressure, formula 37 

Cylinder-head, marking striking 

point 62 

D 

Dead-center, avoided by valve-stem 

lost motion 58 
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Decks and distributor of Cooling 
Tower Company design, 

illustration 351 

Deep- well pump, details of 87-89 

pumps 84 

DeLaval Steam Turbine Company, 

piston balancing system. . . . 117 

Delivery pipe, friction-head in 14 

tube of injector 156 

Delivery-lift of the water 7 

Diagram, indicator, of direct-acting 

steam-pump 25 

Diaphragm, for pump governor 202 

Differential piston for deep-well 

pump 94 

Diffusion vanes 109 

Direct Separator Company on sepa- 
rator economy 387 

Discharge, actual, of pump 21 

level of condenser higher than 

circulating pump 320 

line from injector 167 

of piston or plunger pump, 

formula 22 

pipe of pump, sizes for, formula 18 
rate of, crank-action pump, 

graph 91 

theoretical, of pump 21 

Discs, seats of, pump-valves 45 

Displacement of plunger pump, 

formula 19 

of pump units of 19 

of reciprocating pump of 19 

Distribution of steam from boiler 

plant, methods for 371 

Distributor and decks of Cooling 
Tower Company design, 

illustration 351 

DoubleHsuction pump 114 

Draft, artificial, with economizer .... 263 

available for economizer 273 

forced in cooling tower, advan- 
tages and disadvantages . . . 355 
in chimney in inches of water, 

table 263 

natural, economizer with 262 

natural, in cooling tower, ad- 
vantages and disadvantages 355 
Draft-pressure drop through econo- 
mizer 262 

Drainage, pumps f or 135 

Draining, automatic, live-steam 

separator 400 

Drive, type for condenser pumps 322 

Driving norse-power, total, steam- 
pump, definition 29 

Driving unit selected for pump 138 

Drop, temperature, in surface con- 

< densers, definition 304 

Dry-tube condenser 300 

Dry- vacuum pump, illustration 79 

Duplex boiler-feeder 204 

double-acting power pumps, 

application 96 

fire-pump, illustration , , , 27 

single-acting pumps, application 95 

Duplex-pump, air-chamber for 60 

compared with simplex-pumps . . 64 

compound, illustration 65 

compression-space 63 

cross-heads secured to piston- 
rods 61 

for high-pressure service 65 

outside adjustment of lost 

motion 63 

pistons, steam-cushioned, illus- 
tration 63 
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Duplex-pump, slow-running, valve- 
stem lost-motion 63 

Duty of pump, basis of steam con- 
sumption, formula 33 

of pump on coal basis definition 32 
of steam pump, coal consump- 
tion; formula 32 

of steam pump on basis of heat 

consumed, formula 33 

Dynamic head or pressure, definition 5 

E 

Eclipse exhaust-steam separator, 

illustration 400 

]i;conomizer, advantages 272 

by-pass, installation, illustra- 
tion 261 

cast-iron, wrought iron and 
steel, advantages and dis- 
advantages 257 

coal consumption with, irraphs . . 271 
compared to additional boiler 

heating-surface 267 

contra-fiow 265 

characteristics, graph 266 

installed, example 269 

corrosion of , 257 

cost of installation 275 

definition 210, 251 

disadvantages 272 

draft-pressure drop through .... 262 
forced draft and induced draft 

fans 262 

fuel 251-275 

fuel-saving due to, formula ..'... 270 

heat transfer in 269 

heat utilized in 252 

heating-surface, least tempera- 
ture-difference for 269 

ratio to boiler-horsepower. . . . 269 

high- and low-pressure 254 

independent 252 

construction 254 

illustration 253 

initial cost 273 

inBi>ection 274 

installation, conditions deter- 
mining 273 

integral 252 

integral, high- and low-pressure. 255 

leakage of air into 260 

minimum temperature difference 266 

parallel-flow 265 

characteristics, graph 266 

ratio of loss of combustion-gas 
temperature to gain of feed- 
water temperature 266 

relative current-flow through . . . 265 

scale forming in 259 

setting, air infiltration through 260 

steam-generating efficiency 271 

surfaces, pitting on 274 

table of temperatures obtained 264 

tubes, arrangement 255 

clean, saving due to, graph . . . 259 
in staggered rows, illustration 256 
in straight rows, illustration . . 256 

method of removing soot 257 

scale and sediment in 259 

sweating 257 

tube-surfaces, cleanliness 257 

types of 252 

with artificial draft 263 

with natural draft 262 

Efficiencies, relative, boiler-feeding 

devices , , . , 173 



INDEX 



431 



Paqb 
Efficiencies, total, steam pumps, table 31 
Efficiency, hydraulic, data necessary 

to oetermine 28 

hydraulic, of pump, formula .... 27 
indicated, reciprocating pump, 

formula 26 

maximum mechanical direct- 
acting steam-pump 30 

meohanical, reciprocating pump, 

definition, formula 30 

of pump, causes impairiiffc 66 

thermal, increase due to con- 
denser, formula 281 

total, steam-driven pump 31 

of pump, definition, formula . . 30 

values tor different pumps 31 

volumetric, of pump, definition, 

formula 22 

volumetric, relation to pump- 

sUp 22 

Ejector jet condenser 289 

adjustment and care 315 

or jet pump as condenser aux- 
iliary 308 

priming 148 

for pump, illustration 146 

Elbow in pump pnping 6 

"Electric Journal," F. A. Burg, Ap- 
plication of Condensers. . . . 316 
motor drive, centrifugal pumps 132 
pumps, advantages and dis- 
advantages, table 189 

Electrically-driven pump, advan- 
tages 94 

Electric-drive for boiler-feed pump . . 182 
Elevator, hydraulic, crank-and-fly- 

wheel pump for 78 

pumps for 135 

" Elliott Companys' Bulletin G" on 
Steam-Traps, condensation 

rates table 412 

Engine, condensing, power devel- 
oped 279 

steam consumption table 287 

cylinder, water in, danger 386 

economy increased by condenser 

creating partial vacuum 277 

non-condensing, power devel- 
oped 279 

piping, steam separators in, 

illustration 385 

primitive steam, condensation 

in 278 

reciprocating, condenser vacuum 

for 285 

jet condenser with 296 

steam or gasoline, driving cen- 
trifugal pump 133 

Watt's condensation, illustra- 
tion 279 

double-acting condensing, 

illustration 279 

with Watt condenser 278 

Engines, several, selecting separators 

for 400 

Entrance-head, definition 6 

Equalizer inpes, function 372 

Evaporation cooling in condensers 290 

neat carried away 356 

extracted in 340 

of water, cooling effect on con- 
densing water 329 

rate, cooling pond, formula 337 

weight, formula 339 

Excelsior heater packing 246 

Exhaust heater, effect on boiler 

feeding efficiency 174 



Page 
Exhaust heater, sound muffled by ex- 
haust head 399 

steam available, effect on need 

for economizer 273 

energy in, non-condensing 

plant 207 

entering jet condenser, veloc- 
ity 299 

for feed- water heating 211 

from enfl^ne, heat in 230 

heat available in 209 

intermittent delivery to feed- 
water heater 242 

main piping, average pressure- 
drop 376 

monetary saving from pre- 
heating feed- water with. ... 213 

piping 363 

portion utilized for feed-water 

heating 229 

separation in vacuum, how 

facilitated 398 

separator, definition 388 

separators 385-401 

supplied by auxiliaries 231 

temperature, feed-water 

heater 224 

Exhaust-head, definition 399 

pollution of atmosphere pre- 
vented by 399 

purpose 399 

Expansion in pipe of given length, 
pipe required for bend, 

formula 378 

in steam separators 389 

linear, coefficient of 378 

in steam pipes, strains due to 377 
in steel and wrought-iron 

steam pipes, formula 378 

stresses in piping systems, taken 

up by bends 370 

F 

Fan pumps 117 

Fan-blower height required for 

cooling tower 361 

Fairbanks-Morse multi-stage cen- 
trifugal pump, illustration 113 
Farnsworth boiler feeder, illustra- 
tion 204 

Feed-pump, boiler, connection to 
feed-water heater, illustra- 
tion 3 

boiler, mechanically-driven, 

illustration 182 

capacity, forcing boilers 197 

constant-speed, water-relief 

valve on 201 

locate close to heater 245 

motors for driving 184 

suction connection 2 

Feed-water, chemical treatment 318 

cold, boiler strain due to 160 

wabte of fuel by 207 

cost of treating 319 

formula for determining require- 
ments 195 

fuel saving due to preheating. . . 211 

heater 207-249 

as a purifier 238 

as protective measure 228 

atmospheric 215 

back-pressure valve 220 

Blake- Knowles 233 

centrifugal pump in connec- 
tion with 136 
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Feed-water heaters, classification 

table 215 

cleaned regularly 248 

closed 211 

advantages and disadvan- 
tages 244 

classification 238 

installation and operation. . 247 

National coil type 238 

piping 247 

safety valve 247 

tubes in 240 

type, table of general 

data 236, 237 

Cochrane, illustration 226 

open induction 210 

connection to boiler feed- 
pump 3 

counter-current, diagram 239 

diagram 230 

double installation 244 

economies 211 

exhaust steam, definition 210 

temperature 224 

function 224 

heat transmission table 243 

heater horsepower rating 243 

heating-surface, formula 242 

horizontal closed 220 

induced or draw heaters 220 

induction, piping of 223 

induction-type open, piping, 

illustration 222 

installing primary and sec- 
ondary, illustration 216 

intermittent delivery of ex- 
haust steam 242 

open 210 

advantages and disad- 
vantages 244 

explanation 225 

installation 245 

size of shell required 234 

type, table of general data 235 

typical installation 221 

operation 246 

pan or tray area required .... 232 

piping 2 

arrangements 220 

pressure 215 

primary 215 

and secondary, operated 

alternately 218 

application 216 

punty of water delivered to 

by surface condenser 318 

reason used 207 

savers of coal 214 

secondary 215 

open or closed type 217 

selection 238 

steam condensed by, formula. 231 

steam-tube 238 

application 241 

illustration • 239 

Stilwell through-type, piping 

arrangement 223 

through or thoroughfare 

heaters 220 

used with injector 160 

vacuum 215 

and atmospheric, in con- 
densing plants 217 

water-tube 238 

heating equipment, classes 210 

saving due to computed 
graphically 213 
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Feed-water, impurities 227 

live-steam heaters and purifiers 248 

oily 228 

per cent, returned to boiler in 

surface condenser 319 

preheating with exhaust steam, 

monetary saving resulting. . 213 
quality, factor in condenser 

selection 318 

quality for economizer 273 

requirements, power plant, basis 

of steam consumption 196 

of power plant, estima- 
tion 194-197 

temperature gain, in economizer, 
ratio to Toss of combustion- 
gas temperature 266 

temperature for economizer .... 273 

raised, formula 228 

with surface-condenser used re- 
peatedly 288 

Filtering material, packing 246 

Filtration in open heater 225 

Fire-pump, duplex, illustration 27 

pumps for 135 

underwriters' ^9 

Fire-insurance underwriters, pumps 

required by 66 

Fisher pump governor 200 

illustration 198 

Fiske, R. A., on turbine drives 133 

on centrifugal pump advan- 
tages 134 

single impeller pump 120 

squirrel-cage induction motor, 

centrifugal pump drives 132 

Fittings, extra heavy cast-steel, 

illustration *. .. 365 

malleable iron, illustration 364 

frictional-resistance in, table 15 

to water-flow through 14 

low-pressure cast-iron, illustra- 
tion 365 

right-angled, in steam pipes, 
pressure-drop due to, for- 
mula 377 

standard cast-iron, illustration 364 
malleable iron, illustration 364 
Flanges, companion, methods of 

securing to pipe ends 369 

cost, according to material 369 

methods of attaching to pipe 

ends 368 

Flexibility of boiler operation due to 

economizer 272 

Float connections in open heater .... 246 
Flow through valves in piping, fric- 
tion due to 6 

Flue-gas temperature for econo- 
mizer 273 

Foot-valve in suction line 142 

leakage, effect of 67 

priming ejector use with and 

without 148 

Force, centrifugal, definition 101 

illustration 102 

Forcing boilers, feed-pump capacity 197 

Formulas, reciprocating pump 34 

Foster, D. £., steam pipe sizes, 

graph 374 

Foundation bolts for centrifugal 

pump 140 

for a centrifugal pump 140 

Fountain, see also Spray foun- 
tains 347-350 

spray, with cooling pond 343 

Friction due to flow 6 
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Friction in pipe, effect on pump-suc- 
tion 1 

in straight pipes 5 

meclianioal,- in pump mechanism 30 

of liquid entering 6 

of water in strught pipes 9 

Friction-head, definition 4 

in centrifugal pump 130 

of water in cast-iron pipe, table 

of 12 

in straight pipes, table of . . . . 10 

on a pump 5 

on a pump, definition, for- 
mula 6 

Frictional resistances, what included 25 

Fuel eoonomiiers 251-275 

see also Economizers. 
heat of, in gases of combustion, 

table 251 

saved by heating feed-water, 

graph 213 

savins due to economiaer 272 

formula 270 

due to preheating feed-water . 211 
waste of by cold f e^-water .... 207 

Fulton governor, illustration 199 

on direct-acting boiler-feed 

pump 178 

pump governor, explanation 198 

Funnel, non-eplash 167 

Funneled inlet-orifice, example 17 



G 



Gage glass, shielded from steam- 
temperature fluctuations, 

illustration 401 

water, on steam separator 401 

Gage-pressure, net, how determined . 28 

Gallons per minute, formula for 34 

Gas in feed-water 228 

Gases, exit-temperature in econo- 
mizer 269 

relative flow in economiser 265 

Gear drive preferable to belt drive 185 

Gearing, inspection in economizer. . . 274 

"Gebhardt's Steam Power Plant 

Engineering," advantages 

and disadvantages of open 

and clesed feed-water 

heaters 244 

table of engine econ- 
omy 287 

list of heater manufacturers. ... 215 

on heat transfer 243 

'* Gillette and Dana," on separator 

costs 401 

Gland, condenser tube 302 

*' Goulds Manufacturing Company's 
Cataloi(ue," on boiler-feed- 
pump sizes 193 

on motor ratings, deep-well 

j^ump 97 

centrifugal pump material. 101 

open- well pump, illustration ... 83 

pump capacities 193 

rotary pump 162 

table 2 

table of boiler-feed centrifugal 

pump capacities 194 

thrust bearing 121 

Go'^ernor,'" boiler-feed pump, on 
direct-acting steam 
pumps 198-201 

28 



Pagb 
Governor for turbine-driven pumps, 

discharge-pressure, control. 133 

pump, horizontal type 199 

on turbine-driven centrifugal 

pumps 201 

troubles of 201 

Gravity apparatus or return traps 

for boiler-feed 171 

Grease on outside of condenser tubes, 

how removed 316 

Greene Economizer Company boiler 

heating-surface charts 268 

table of economizer temperatures 

obtained 264 

showing heat of fuel in gases 

of combustion 251 

temperature charts 269 

Green economizer, illustration 253 

Gridiron separator 389 

operating iprinciple 394 

Ground-area required, spray-fountain 

ponds 350 

Guide bearing, centrifugal pump, 

illustration 122 

coupling for deep-well pumps. . . 88 
vanes 109 

H 

Hampton Mills, East Hampton, 
Massachusetts, installation 

of economizer 253 

Hancock inspirator, illustration 157 

Hanger, counter-balancing, for steam 

piping 380 

Hangers, piain, for steam piping .... 380 
" Harding and Willard, Mechanical 
Equipment of Buildings," 
data on feed-water heaters 235 
*• Harrison Safety Boiler Works Cata- 
log," condenser economy 

graph 286 

condenser saving 282 

separators 387 

Head, dynamic, or pressure, defini- 
tion 5 

exhaust-, definition 399 

friction, definition 4 

on a pump 5 

inlet static, for boiler feed- 
pumps 4 

maximum, impellers for 119 

measured, definition , 5 

in pump operation ..... .^ 7 

necessary to overcome frictional 

resistance 14 

of water, converting to unit 

pressure, formula . .^ 4 

pressure, and speed of impeller, 

centrifugal pump 108 

static, of a liquid, illustration. . . 4 
of fluid column, definition. ... 3 
total measured, on pump, defini- 
tion, formula 9 

on pump, definition, f o r - 
mma 9 

fmmped against 106 
ocity, definition 4 

H)Baders, duplicate main, boiler con- 
nection to 372 

Heat absorbed by water in in- 
jector 162 

abstracted from steam by cooling 
water in surface-condenser, 

formula 302 

balance, automatic exhaust 

steam 181 
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Heat extracted in evaporation 340 

insulating for closed heater 246 

latent, of vaporisation, in 

water cooling 329 

loss, excessive, from steam pipes, 

how prevented 382 

from bare steam pipes, con- 
densation due to, formula 381 
and insulated steam pipe. . . 381 

in non-condensing plant 209 

of fuel in gases of combustion, 

table 261 

pump-duty on basis of, for- 
mula 33 

saved by preheating boiler feed- 
water ; 212 

transfer coefficient in closed 

heaters 242 

in economiaer 269 

transference coefficient, value 
effected by conditions in 

condenser tubes 304 

in surface condensers 300 

condenser, table of coeffi- 
cients 304 

transmission, feed-water heaters, 

table 243 

Heater, closed, non-condensing plant, 

duplex boiler feeder in 204 

exhaust, effect on boiler feeding 

efficiency 174 

feed-water, see Feed-uxUer 

heater 3 

closed, advantages and dis- 
advantages 244 

open, advantages and disad- 
vantages 244 

steam trap for, illustration . . . 405 

used with injector 160 

formula for raising temperature 

of feed- water 228 

horsepower rating, feed-water 

heaters 243 

live-steam, for feed-water. ...... 248 

Heaters, feed-water 207-249 

Heater-tube, corrugated 241 

Heating coils, steam traps for 409 

exhaust-steam, heat balance for 182 
system, gravity, condensate 

from 227 

Heating-surface, additional boiler, 

compared to econonaizer . . . 267 
boiler, temperature difference 

for 268 

economizer, least temperature- 
difference for 269 

feed-water heater, formula 242 

Hershey Chocolate Company's Plant, 

illustration xii 

Holly steam-loop for draining high 

pressure piping, illustration 382 
Hoppes feed-water heater, illustra- 
tion 221 

live-steam heater 232 

purifier installed, illustration 248 
reverse-current exhaust steam 

separator, illustration. 390 

Horsepower delivered by injector 163 
heater, feed-water heater rating 243 

of pump 25 

required for pumping, formula. . 32 
total driving, steam pump, 

definition 29 

water, developed by pump, 

formula ^ 25 

water or hydraulic, indicated, 

definition formula 29 



Pagb 
Hot water handled with centrifugal 

pumps 137 

pumping 2 

returns, feeding of boilers 

with 202 

Humidity, relative average, table. . . 331 
corresponding to wet- and 
dry-bulb temperature dif- 
ferences, table 335 

definition 332 

effect on water cooling 330 

of atmospheric air, how deter- 
mined 332 

Hydraulic efficiency, data necessary 

to determine 28 

of pump, formula 27 

or water horsepower developed 

by pump, formula 25 

packing for pumps 42 

I 

Impart or baffle-plate separator 389 

Impeller, centrifugal pump, theo- 
retical speed 106 

closed-type, illustration 119 

enclosed 119 

for maximum heads 119 

forces which tend to unbalance 114 

Jaeger method of balancing. ... 115 

open 117 

r.p.m. and velocity of periphery, 

formula 108 

speed, effect of change in 129 

of, and pressure head, cen- 
trifugal pump 108 

Impurities scale inside of boiler 207 

^ scale-forming 248 

Indicator card, steam pump 28 

diagram, direct-acting steam- 

^ pump 25 

Infiltration of air through economizer 

setting 260 

Injectors 155-170 

advantap;es 159 

application 173 

in absence of heater 173 

approximate eouation 161 

as a pump, inefficient 172 

becoming hot 172 

breaks 170 

capacities and weights, table 166 

different types, applications. ... 160 

disadvantages 160 

double-tube 157 

efficiency 174 

elementary, illustration 156 

essential parts 156 

factors influencing performance . 163 

failure to lift water 169 

fed from overhead tank, illustra- 
tion 168 

for boiler-feed 171 

horsepower delivered by 163 

inspirator type, piped for 

boiler feeding, illustration. . 173 

installating 166 

lifting 157 

limitations for boiler-feeding. . . . 172 

measure of economy 162 

Metropolitan Model-0 159 

non-lifting 157 

not delivering water to boiler. . . 169 

operating and starting 169 

Pienberthy automatic, illustra- 
tion 158 

piping of, illustration 167 
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Page 

Injectors, positive, operation 159 

principle of, illufitration 155 

selection 165 

self adjusting 158 

single-tube automatic, restart- 
ing 157 

special, for exhaust steam 155 

steam at overflow 170 

steam pressure for 172 

suction-pipe strainer 168 

theory 156 

troubles 169 

type for given service 165 

Inlet static heads for boiler feed- 
pumps 4 

Inlet-orince, funneled, example 17 

Inspection of economizers 274 

Inspirator, Hancock, illustration .... 157 
type injector, piped for boiler 

feeding, illustration .... 173 

Instruments, economizer fitted with . 259 

Insulation for steam pipes 381 

Intake-pipe to suction-well 9 

International Text Book Company, 

table of engine economy . . . 287 

Iron, cast, for steam piping 363 

malleable, for steam piping 363 

wrought, for steam piping 363 

Irrigation, pumps for 135 

J 

Jacobus, D. C, on economies of 

boiler feeding 174 

Jaeger method of balancing impeller 115 
of impeller balancing, illustra- 
tion 116 

Jet condenser, see also Condenser^ 

jet ;. 289 

elementary, volumes of air, 

water and steam, diagram 283 
hi^h-vacuum, with turbine, 

illustration 305 

Johns electrically-driven pump 188 

Joints, condenser, index to condi- 
tion 316 

corrugated expansion, illustra- 
tion 378 

double-slip expansion, illustra- 
tion.. 378 

double swing or swivel, taking 
up expansion in pipe lines, 

illustration 377 

expansion slip- 377 

flanged, in steam piping 368 

screwed,^ in steam piping 368 

steam-piping, types used in 368 

Josse, Professor, tests on heat trans- 
ference coefficient 304 

K 

Kansas City Light and Power Com- 
pany economizer installa- 
tion 254 

Kelley, H. H., on condensers 312 

Kent's ''Mechanical Engineers' 
Pocketbook" on economies 

of boiler feeding 174 

on open heater tray area 232 

Kieley expansion steam-trap, illustra- 
tion 404 

pump governor, illustration .... 200 

Kinghorn pump valve, illustra- 
tion 46 

Kneass' *' Practice and Theory of the 

Injector" 164 
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Koerting multi-jet ejector condenser, 

iUustration 293 

multi-spray nozzle 344 

roof space for spray cooling, 

illustration 346 

Kroeshell Brothers Company, 

Chicago, power plant 208 

L 

Lap-weld, strength of 367 

Lap-welded pipes 365 

Law of freely falling bodies 105 

Leakage due to cold water in boiler 207 
of air in condenser, prevention 

of 312 

Leathers, pump-plunger, mold for 

forming 99 

LeBlanc surface condenser 311 

Lift, suction, of centrifugal pump, 

how measured 8 

Liner for piston pump 42 

Liquid, corrosive, centrifugal pump 

for moving 151 

pumping 93 

entering, friction 6 

volatile non-corrosive, pumping. 93 

Live-steam heater for feed-water. . . . 248 

piping 363 

purifier for feed- water 248 

separation, economy 386 

purposes of 386 

separators 385-401 

definition 385 

efficiencies table 396 

Load, character of, for economizer 273 
on pump, practice in determin- 
ing.. 28 

Loew absorption exhaust-steam sepa- 
rator, illustration 395 

Loop header system for steam piping 371 
Holly, returning condensation in 

steam piping to boilers 383 

Loss by incorrect valve-stem adjust- 
ment 61 

due to inefficient boiler-feeding 

pumps 178 

heat, excessive, from steam 

pipes, how prevented 382 

from bare and insulated steam 

pipes, table 381 

steam pipes, condensation 

due to, formula 381 

in non-condensing plant 209 

hydraulic, how obtained 28 

in pump tests 27 

of pump, definition 26 

in power plant, chart 252 

of water, greater in open than in 

closed cooling tower ^ 355 

Lost-motion, valvenstem, function of 

in steam-pumps 58 

Louvres, ^ Burhorn sheet-metal cool- 
ing tower 354 

in coohng tower 352 

Low pressure steam, table of prop- 
erties 301 

Lubrication of engine cylinder when 

wet steam is used 386 
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Magnesia heat-insulating for closed 

heater 246 

Main pipe with branches, size, for- 
mula 376 
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Make-up water, cooling effect 342 

oefinition 356 

Management, pump 66 

Marck expansion steam-trap for 
feed-water heater, illustra- 
tion 405 

Marks* "Mechanical Engineer's 
Handbook " on boiler feed- 
ing equipment 173 

on centrifugal pump character- 
istics 126 

on steam pipe insulation 381 

Masher centrifugal horiaontal 
steam separator, illustra- 
tion 391 

Massachusetts pump, illustration 101 
Mechanical drive for boiler-feed 

pump 182 

efficiency reciprocating pump, 

definition, formula 30 

Measured head, definition 5 

"Mechanical and Electrical Cost 

Data/' on separator costs. . 401 
" Mechanical Engineers' Handbook," 

on steam pipe insulation .. . 381 

" Mechanical Refrigeration " 332 

Mercury, inches of, conversion to 

I>ounds per square inch .... 29 

vacuum gage 284 

Mesh separator 389 

operating principtle 393 

Metropolitan Model-O injector. .... 159 
Midvale Machine Company, boiler 

feed test 188 

Mine drainage, pumps for 135 

Mitchell-Tappen System, high-tem- 
perature natural draft cool- 
ing tower test data table . . . 359 
low temperature cooling tower 

test data, table 358 

Mixing chamber, Worthington cool- 
ing tower 352 

Moffat feed- water heater , 224 

Moisture carried from boiler as spray 

or bulk of water 386 

in steam from boiler 385 

Momentum in steam separators 389 

Motor, adjustable-speed, for feed 

pumps 185 

alignmg with vertical pump shaft 122 
constant-speed, on boiler-feed 

pump 185 

direct-current 132 

for driving feed pumps 184 

rating for deep-well pump, 

formula 97 

slip-ring induction, for cen- 

^ trifugal pumps 132 

squirrel-cage induction, cen- 
trifugal pump drives, R. A. 

Fiske 132 

varying-epeed, for feed pumps . . 185 
Motor-driven centrifugal pumps 

speed variation . 151 

Motor-generator in automatic heat 

balance 182 

Mover, steam-driven prime, selection 

of condenser for 325 

Munta metal for condenser tubes 302 
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Nason bucket-float steam trap, 

illustration 403 

Nation coil heater 241 

Newoomen's condensation engine 278 



Paqb 
Non-condensing and condensing 
operation, steam consump- 
tion with 280 

plant, duplex boiler feeder in 

dosed heater 204 

energy in exhaust steam 207 

exhaust steam available 229 

location of separator 399 

steam useful in feed-water 

heating 230 

Non-return trap, definition 403 

Noasles, see also Spray noz- 

zUs 344-348 

for spray fountain siae and 

number 348 

impact. Cooling Tower Com- 
pany 343 

in spra^ fountain, spacing 348 

intermingled spray from, illus- 
tration 345 

pump discharge, pressure at, 

illustration 26 

single spray, illustration 344 

spray, impact. Cooling Tower 

Company 345 

Schutte and Koerting cooling 

pond 338 

steam, of injector 156 

O 

Oil in boiler feed-water 211 

removed from feed-water 227 

Oil-drip connection in open heater 246 

Oil-eliminators, definition 388 

Oil-separators, cost 401 

definition 388 

part of heater 224 

Oiling machinery 69 

Operating costs, jet and surface 

condensers, table 326 

Operation, condensing, advantages . . 288 
Overflows of injector 157 

P 

Packing, cutting down 43 

effect on pump suction 1 

of governor valve stem 201 

pump rods and stems 69 

water-piston 42 

Pan area required, open feed-water 

heater 232 

Pans of open heater, removed and 

cleaned 247 

ParaUel-flow in economiaer 265 

Parsons vacuum augmenter, illus- 
tration 307 

"Peele's Mining Engineers Hand- 
book," table of pump effi- 
ciencies 31 

Penberthy automatic injector, illus- 
tration 158 

Pipe anchorage, illustration 380 

butt-welded, method of form- 

infi[ 365 

capacities for saturated or super- 
heated steam, graph 374 

cast-iron, table of friction- 
heads 12 

connections for injectors, table 166 

delivery, friction-head in 14 

obstruction 169 

dischaige, of steam-trap, check- 

^ valves in 413 

siaes for, formula 18 

velocity through, formula. ... 24 
double extra heavy grade .<.... 363 



INDEX 



437 



Paqb 
Pipe* extra heavy cast iron, for steam- 
piping systems .• ; * > ^^ 

cast-steel, for steam-piping 

systems * 364 

grade 363 

malleable iron, for steam- 
piping ssrstems. 364 

fitting, grades used in steam- 
piping systems 364 

for induction heater 221 

for mixing chamber 352 

for steam-power plant, grades 

of, table 368 

hanger, illustration ,. 380 

in steam-piping systems classi- 
fied according to construc- 
tion 365 

lap-welded, method of form- 
ing 366 

preferable to butt-welded for 

steam piping 367 

length necessary tor bend to take 
up expansion in pipe of 

given length, formula 378 

lengths equivalent in resistance 

to fittings, table of 15 

lines, double swin^; joint taking 

up expansion in 377 

uncovered, steam condensa- 
tion rate in, table 412 

low-pressure cast-iron, for steam- 
piping systems 364 

main, sise formula . .^ 376 

pump suction, with square 

orifice — 

siae for reciprocating engine, 

formula 376 

necessary to deliver steam at 

given rate, formula 375 

saturated or superheated 

steam, graph 374 

spiral-riveted steel 366 

standard cast-iron for steam- 
piping systems 364 

grade 363 

malleable iron for steam- 
piping systems 364 

steam, bare and insulated, heat 

losses from, table 381 

condensation due to heat loss, 

formula and table 381 

excessive heat loss, how pre- 
vented 382 

insulation . . . . .^ 381 

linear expansion producing 

strains in 377 

pressure drop due to globe 
valves and right-angled fit- 
tings, formula 377 

sises determined graphically. . 373 

thickness of covering 382 

steel and wrought, sizes 364 

and wrought-iron, steam, 
linear expansion in, for- 
mula 378 

grades 363 

trade meaning 367 

straight, friction of water in ... . 

riveted steel 366 

wrought-iron or steel, table 

of friction heads in 10 

suction, for condenser, strainer 

in 313 

sizes for, formula 18 

table of friction-heads in 10 

vacuum, centrifugal pump suc- 
tion 145 



Page 
Pipe vent, connecting high-pressure 
trap with apparatus 

drained 413 

induction heater 246 

vibration, devices to prevent 

transmission, illustration. . . 379 

welded wrought-iron 367 

steel ..., 367 

wrought-iron, inside and outside 

diameters 363 

trade meaning 367 

Pipe-bend facilitating steam flow in 

systems 369 

minimum length of tangent. ... 371 

radius 371 

pressure-drop produced by 377 

radii of 370 

resistance to steam flow in 

piping system decreased by 369 
stanaard, for piping systems. . . . 370 

Pipe-ends, flanges attached to 368 

Pipe-fittings, friction . . . .- 6 

Piping, discharge, centrifugal pump 145 
engine, steam separators in, 

illustration 385 

exhaust-steam 363 

main, average pressure-drop. . 376 

for boiler feeding 171 

friction due to flow through 

valves 6 

high-pressure^ Holly steam-loop 

for draining, illustration 382 

live-steam. . . .* 363 

main steam, unit system, illus- 
tration 373 

of steam trap 412 

pump, turn made with elbow. . . 6 
with long-radius bend 6 
sharp turn, made with plugged 

tee 6 

steam, floor stands for 380 

high pressure, condensation 
returned to boilers with 

Holly loop 383 

loop header or duplicate 

headers for 371 

materials for 363 

of power plants 363-383 

of power plant, two separate 

systems 363 

plain hangers for 380 

screwed and flanged joints 368 

single header system 371 

supporting devices for 380 

types of joints used 368 

unit group for 371 

vibration due to pulsating 

steam-flow 379 

wall-brackets for 380 

suction, centrifugal pump 141 

system, expansion stresses taken 

up by bends 370 

quantity of condensation- 
water to be trapped, for- 
mula 411 

steam, grades of pipe fittings 

used 364 

Piston balancing system, De Laval 

Steam Turbine Company 117 

pump, effective area 20 

requisite diameter for water 

end, formula 22 

volume swept by, illustra- 
tion 19 

speed, crank-action pump, 

table 92 
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Piston, steam, direct-actinc steam- 
pump, formula for diameter. 23 
e£fect of vacuum, illustra- 
tion 277 

Piston-pumiiMB, discharge-heads 42 

illustration 41 

Pistonnspeed, high, relation to pump- 
slip 21 

Pitting on surfaces of economizer 274 
Plant, non-condensing, heating sys- 
tem, boiler-feeding equip- 
ment for 182 

Plunger, pump, dimensions of cup- 
washers, table 99 

effective area 20 

inside-packed, illustration .... 20 
requisite diameter for water 

end, formula 22 

rods, deep-well pump, head- 
pressure equivalents, table 98 
Plunger-pump, belt-driven single 

acting 78 

discharge neads 42 

outside end-packed 41 

pump, illustration 40 

Plunger-valve, deep-well pump 88 

Pond, cooling, condensing water 

cooled by 329 

simple, requisite area com- 
puted 342 

spray-fountain, ground area 

required 350 

Pond-area, requisite total 341 

Pot-valves, illustration 45 

Pot-valve type of pump valve 47 

Power developed by condensing and 

non-condensing engine 279 

horsepower of pump 25 

required for pumping, for- 
mula 32 

total driving, steam pump, 

definition 29 

water or hydraulic, indicated, 

definition formula 29 

" Power," on glass water-gages 401 

on pipe trade meanings 367 

power house drawing from iv 

Power plant auxiliaries and acces- 
sories, illustration 208 

condensing steam, non-con- 
densing steam-diiven aux- 
iliaries 180 

" Power Plant Engineering," on boiler 

feeding 205 

on economizer cost 275 

R. A. Fiske, on centrifugal pump 

advantages 134 

Power plant, estimating feed-water 

requirements 194-197 

feed-water requirements on 
basis of steam consump- 
tion 196 

losses in, chart 252 

steam, grades of pipe for, 

^ table 368 

piping 363-383 

Power pump, advantages and dis- 
advantages, table 189 

belt-driven 82 

chain-driven. 82 

driven by gearing 82 

duplex 82 

rates of discharge 90-92 

simplex 82 

triplex 82 

required to drive centrifugal 
pump at any speed 130 
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Power pump, to operate spray foun- 
tain 350 

requirements of jet compared to 

^ surface condenser 322 

saving due to condenser, for- 
mula 281 

to remove air and water from 

condenser 284 

Power-factor-correcting synchro- 
nous-motor-driven centrifu- 
gal pumps 132 

"Practical Engineer," on cost of cool- 
ing tower 361 

"Practical Heat" 329 

Preheater in Badenhausen boiler 255 

Pressure, absolute, in condenser, 

formula 285 

barometric, effect on condenser 285 
draft, in chimney, in inches of 

water, table 263 

drop, averajse, in exhaust-steam 

main piping 376 

due to globe valves and right- 
angled fittings in st^m 

pipes, formula 377 

in steam mains, allowed in 

practice 370 

prevented by receiver- 
separator 388 

produced by gate valves and 

pipe benois 377 

saturated or superheated 

steam grai>h 374 

friction, definition 4 

head, definition 5 

head and speed of impeller, cen- 
trifugal pump, formula .... 108 

due to in tne vessel 8 

inlet, for boiler feed-pumps 4 

measured, definition 5 

of exhaust, selection of separator 

affected by 400 

producing velocity in a pipe .... 5 
pump intake, at different tem- 
peratures, graph 2 

unit, converting head of water 

to, formula 4 

velocity, definition 4 

water-vapor, in air, how deter- 
mined 336 

working, increased by condenser 277 
wrought iron and steel pipe, 

data 367 

Priming centrifugal pumps 146 

methods of 147 

ejector 148 

use with and without foot- 
valve 148 

excessive, prevented by receiver 

separator 388 

Priming-pump for centrifugal pump . 147 

with low suction-lift 149 

Proper pump, selection of 93-97 

Proportions of cooling tower, method 

of computing 360 

Psychrometer, sling, to determine 

relative humidity 332 

Pumps, see also Duipiesypumpi and 
aimplex-putnpa. 
see also Plunger-putnpa and 
piaton-pumpa. 

actual discharge of 21 

work of, dennition 24 

air below suction-valves, effect 

of 66 

between suction and discharge 
decks, effect of 67 
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Pump, Alberger hurling-water air» 

illustration 307 

and receiver, combined 202 

and suction pipe, passage of 
water through, as a hydrau- 
lic loss 27 

apparatus for replenishing air- 
chamber, illustration 49 

artesian-well .* • • • ^^ 

belt-driven single-acting, illua- 

tration 77 

blowing out steam cylinders. ... 68 
boiler-^ed, cost of operation. . . . 179 

economical 179 

electric-drive for 182 

mechanical drive for 182 

mechanically-driven, capacity 

of 186 

constant<«peed economy. 185 
motor-driven, illustration. .... 177 

motor- or power-driven, in 
non-condensing plant. ..... 179 

steam-driven reciprocating, in 

every plant 179 

steam-piston 65 

table of capacities 193 

Burnham compound simplex, 

illustration 64 

calculations 1-37 

capacity at low speed 66 

causes impairing efficiency 66 

oentrifugfu, see aJso Centrifugal 
pumpa. 

advantages of 134 

and rotary 101-153 

as condenser auxiliary 307 

boiler-feed, illustration 177 

characteristics, ^raph 125 

efficiency for boiler feeding. . . 192 

methods of priming 147 

suction lift of, how measured . 8 

circulatory, for condenser 305 

lower than discharge level of 

condenser 320 

classes of, used with condenser 305 

cleaning out steam piping 68 

combination high-service and 

low-service belt-driven 77 

compared to steam traps for 

Doiler feeding 205 

compound condensing, duty and 

steam consumption, table . . 72 

deep-well 87 

direct-acting 65 

starting 67 

condensate for condenser 305 

condenser, electric or steam, type 

of drive for 322 

crank-action, see also Crank- 
action pump8 75-99 

power 75 

suction and discharge, graphs 91 

crank-and-fly-wheel 75 

application 95 

operation 76 

deep-well, Chippewa, illustra- 
tion 86 

details of 87-89 

illustration 84 

motor rating for, formula .... 97 
plunger rods, head-pressure 

equivalents, table 98 

direct-acting boiler-feed, with 

Fulton governor 178 

feed, efficiency 174 

simple, duty and steam con- 
sumption, table 71 



Paqb 
Pumps, direct-Acting, steam, see also 

Steam pumps, direct-actingS9-73 

as condenser auxiliary 305 

boiler-feed pump gover- 
nors 198-201 

for boiler-feed service, selec- 
tion of 65 

indicator diagram 25 

maximum mechanical effi- 
ciency 30 

requisite steam-piston diam- 
eter, formula 23 

steam-driven, application for 

boiler feediiig 180 

discharge pipe, sizes for, for- 
mula 18 

discharging into reservoir 17 

displacement units of 19 

double-acting, computations 34 

duplex crank-and-fly-wheel. . . 76 

8imi>lex, application 95 

suction, illustration 1 

triplex, illustration 81 

double-suction, balancing of . . . . 117 

dry-vacuum, illustration 79 

or air, for condenser 305 

Wheeler 310 

duplex, adjustment of steam- 
valve 57 

compared with simplex- 

pumps 64 

cross-heads 62 

definition 53 

displacement of, example 20 

double-acting power, applica- 
tion 96 

fire, illustration 27 

illustration 54 

requisite length for steam- 
valve rod 57 

steam-valve 55 

electric, power and steam, ad- 
vantages and disadvantages, 

table 189 

electrically-driven, advantages. . 94 
failure to catch water due to 
leakage of valves in suction 

chamber 67 

feed, saving by substituting 
electrically-driven for steam- 
driven 187 

feed-water, table of applications 190 

for boiler-feed 171 

for liquids other than water .... 93 

for water-service in buildings ... 59 

friction in valves 6 

frictional resistance offered by 
internal passages ana 

valves 14 

friction-head, definition, for- 
mula 6 

friction-head on 5 

Goulds, open-well, illustra- 
tion 83 

governor, horizontal, illustration 199 
on turbine-driven centrifugal 

pumps 201 

troubles of 201 

governor-controlled duplex, illus- 
tration 59 

high pressure, air-chamber 

. charging-apparatus for 51 

horiaontal double-acting suction, 

arrangement of valves 47 

hot-well 305 

hurling-water, as condenser aux- 
iliary 307 
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Pumpe, hydraulic efficiency of, for- 
mula 27 

losses, definition 26 

or water horsepower developed 

by, formula 25 

hydro-centrifugal, as condcDser 

auxiliary 307 

incorrect adjustment of valve- 
stem as source of loss 61 

inefficient boiler-feeding losses 

due to 178 

inlets connected to two or three 

sources 171 

inside-packed, illustration 41 

installing 68-69 

jet, as condenser auxiliary 308 

load on, practice in deter- 
mining 28 

management 66 

manufacturer, data furnished 

to 137 

Massachusetts, illustration ..... 101 
mechanically-driven, for boiler 

feeding 176 

modern applications 97 

motor-driven, for boiler feeding. 176 

net work of, definition, formula. 24 

new, running 66 

of jet condenser, cost of main- 
taining 323 

of surface condenser, cost of 

maintaining 323 

oiling 69 

operation, measured heads in . . . 7 
outside plunger-pump, illustra- 
tion 40 

piston, high vacuum, how 

secured 310 

illustration 41 

or plunger, discharge of, 

formula 22 

volume swept by, illustra- 
tion 19 

plunger, displacement of, for- 
mula 19 

inside-packed, illustration .... 20 

or piston, effective area 20 

power, see also Power 

pump8 82-97 

power feed, boiler-feeding 

efficiency 176 

power-driven, total efficiency. . . 31 

power-plant, suction piping 40 

pressure at discharge noszle, 

illustration . .^ 26 

priming, explanation 67 

raising water when empty 67 

reciprocating compound, duty 
and steam consumption, 

table 72 

discharge velocity, formula. . . 24 

displacement of 19 

formulas 34 

indicated efficiency, formula. . 26 

indicator diagram 25 

mechanical efficiency, defini- 
tion, formula 30 

net suction-lift, definition .... 2 

rods and stems, packing of 69 

rotary, action of 152 

advantages and disadvan- 
tages 153 

application 153 

definition, illustration 152 

rotative or crank-action, as con- 
denser auxiliary 305 

run continuously 69 



Paob 

Pumps, runners, life^ of 323 

set below suction supply, illus- 
tration 139 

simplex, compared with duplex 

pumps 64 

definition 53 

illustration 54 

length of stroke, explana- 
tion 57 

single imi>eller, R. A. Fiske 120 

single-acung duplex, applica- 
tion 95 

triplex, diagram 92 

illustration 81 

snifter for replenishing air- 
chamber, illustration 50 

stand-by, direct-acting 192 

starting 70 

steam, duty of, definition 32 

end warmed up 70 

total efficiencies, table 31 

steam-driven crank-and-fly- 

wheel, illustration 75 

for boiler feeding 176 

total efficiency 31 

stopping 70 

submerged-piston 47 

suction lifts at various altitudes, 

table 2 

suction-i^ipe, funneled end, illus- 

^ tration 6 

sises for, formula 18 

tests, hydrauUc losses 27 

theoretical discharge of 21 

water lift at different tempera- 
tures, graph 2 

total driving horsepower, defini- 
tion 29 

efficiency, definition, for- 
mula 30 

values 31 

head, definition, formula 9 

measured head, definition, for- 
mula 9 

triplex double-acting, applica- 

^ tion . . .^ 96 

single-acting power, applica- 
tion 96 

turbine, definition 109 

types used as condenser aux- 
iliaries 305 

vacuum-chamber, function of... 51 
Vaile-Kimes single-acting deep- 
well 94 

vertical duplex, boiler feed, illus- 
tration. 55 

volumetric efficiency, definition, 

formula 22 

volute, definition 109 

water run through when 

stopped 67 

water-level in air-chamber 50 

wet vacuum, for condenser 305 

Wheeler-Edwards combined 

condensate and air 309 

work, in horsepower 26 

Pump-duty, basis of heat consumed, 

formula 33 

of steam consumption, for- 
mula 33 

Pump-piston, canvas-packed illus- 
tration .^ 43 

canvas packing rings for 43 

metal packed, illustration 42 

water-packed, illustration 42 

Pump^plungers, deep-well 86 

dimensions of cup-washers, table 99 
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Pump-plungers for deep-well, illustra- 
tion 87 

leather cup for packing 88 

or piston, requisite diameter for 

water end, formula 22 

Pump-slip affected by high piston- 
speed 21 

average values 21 

definition 21 

explanation 21 

negative 21 

percentage, formula 21 

relation to volumetric efficiency 22 
Pump-suction, effectiveness in lifting 

water 1 

Pump-valve, ball, illustration 45 

bronse disk tyi>e. illustration ... 44 

conical-seated, illustration 44 

effective area of opening 48 

flat-seated, illustration 44 

in power-plant pumps 43 

Kinghorn, illustration 46 

seats of metal-disc 45 

securing into valve deck 46 

stems and piston rods, causes of 

scoring 70 

used for clear liquids, illustra- 
tion 46 

Pump^work, useful, illustration 7 

Pumping engines 70 

head, jet-condenser circulating 

pump 321 

surface-condenser circulating 

pump 321 

horsepower required, formula. . . 32 

of hot water 2 

unitj selection of 138 

Purification of feed-water by open 

heater 224 

Purifier, feed-water heater as 238 

live-steam, for feed-water 248 

R 

Radiation, cooling by 320 

Radojet, Wheeler two-stage air 

pump, illustration 308 

Rain type, Wheeler low-level jet con- 
denser 204 

Rayne's formula for computing pipe 

length required for bend. . . 878 

Receiver and pump, combined 202 

Receiver-separator, Cochrane hori- 

xontal, illustration 387 

definition 387 

Reciprocating engine condenser prac- 
tice 285 

pipe sixe for, formula 375 

pumps, compared to centrifugal 

pumps 134 

compound condensing, duty 
and steam consumption, 

table 72 

dut^ and steam consump- 
tion, table 72 

displacement of 10 

formulas 34 

indicated efficiency, formula. . 26 
mechanical efficiency, defini- 
tion, formula 30 

net suction-lift, definition .... 2 

I>rinciple of, illustration 40 

simple, duty and steam con- 
sumption, table 71 

Recooling, atmospheric, of conden- 
sing water 320 

condensing water, methods. 320-361 



Pagb 
Recooling, effected in cooling tower, 
per cent resulting from evap- 
oration 352 

in spray fountains conditions 

affecting 844 

system, devices for bringing air 

and water into contact 337 

Relative humidity, definition 332 

effect on recooling 845 

Resistance due to water friction 

to steam flow in piping system 

decreased by pipe bends . . . 360 

Return trap 202 

boiler-feeding 203 

definition 403 

or gravity apparatus for boiler- 
feed 171 

Reverse-current sei>arator 380 

operating principle 380 

Rings, canvas packing for pump pis- 
ton 43 

metallic, packing for pumps 42 

snapj water-piston packed with, 

illustration 30 

pipes 365 

steel pipe, spiral 366 

straight 366 

Rods and stems of pump, packing 

of 60 

steam-valve, duplex-pumps, 

illustration 58 

piston, causes of scoring 70 

Root, power-house, spray-fountains 

on 360 

Roof-space for spray cooling, illustra- 
tion 346 

Rotary pump, definition, illustra- 
tion 152 

Royal Technical School, Charlotten- 
burg, tests on heat transfer- 
ence coefficient 804 

S 

Safety valve, closed feed-water heater 247 

inspection in economixer 274 

Saving by substituting electrically- 
ariven for steam-driven feed 

pump 187 

due to feed-water heating com- 
puted graphically 213 

monetary, resulting from pre- 
heating feed-water with ex- 
haust steam 213 

power due to condenser, for- 
mula 281 

Scale forming in economisers 250 

inside boiler from impurities. . . . 207 

Scale-forming impurities 248 

Schutte and Koerting Company, 

spray-noBxle capacities table 348 
table of spray-fountain data. . . . 340 
double spraying system, dia- 
gram 338 

straight-tube closed heater 240 

cooling guarantees 347 

Scraper, economixer-tube 257 

tube, power expended 258 

Screens for mixing chamber 352 

Sealingf surfaces, nt between 110 

Seats of metal-disc pump-valves .... 45 

Sediment in economizer-tubes 250 

Sellers' injector, self-adjusting num- 
ber 8, performance, graph 164 

Restarting Injector 166 

Separating-plate, Bundy steam sepa- 

rator, illustration 304 
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Separation efficiency and velocity of 

steam flow graph 307 

exhaust-steam, economy 388 

in vacuum, now facibtated . . . 398 

purposes 388 

live-steam, economy 386 

purposes of 385 

maximum efficiency attainable. . 395 

Separator, absorption 389 

and appurtenances for efficiency 

test, illustration 397 

Austin reverse-current live- 
steam, illustration 390 

centrifugal 389 

oi>erating principle 390 

efficiency afifected oy velocity of 

steam-current . . .^ 396 

exhaust-steam, definition 388 

Loew absorption 395 

proper location for 399 

selection of 400 

Eidiron 389 
oppee reverse-current exhaust- 
steam, illustration 390 

Harrison Safety Boiler Works 387 

impact or baffle-plate 389 

live- and exhaust-steam. . . .^ 385-401 
in engine piping, illustration . . 385 
live-steam, Austin baffle-plate 

an|;le, illustration 391 

defimtion 385 

drained automatically 400 

efficiencies table 396 

efficiency of, formula 397 

on basis of steam quality, 

formula 398 

hif h-pressure steam trap for, 

illustration 405 

operation and structure 387 

proper location for 399 

selection of 400 

storage capacity 387 

Stratton centrifugal horizon- 
tal, illustration 391 

with large well 387 

location, selection afifected by . . . 400 

mesh 389 

oil, cost 401 

for feed-water 227 

of feed-water heater, illustra- 
tion 226 

receiver-, definition 387 

excessive primin prevented by 388 
pressure drop prevented by. . . 388 

steam-storage capacity 388 

vibration prevented by 388 

reverse-current . . ^ 389 

operating principle 389 

steam, Bundy gridiron, illustra- 
tion 394 

classification 389 

cost 401 

functions of corrugated sur- 
faces 393 

Masher horisontal centrifu- 
gal, illustration 39 1 

physical phenomena involved 389 

sise 400 

Swartwout centrifugal, illus- 
tration 391 

Sweet vertical, illustra- 
tion 393 

with glass water-gages 401 

vacuum trap for draining 404 

Welderon reverse-current re- 
ceiver-, illustration 390 

well, function 387 
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Setting, economiser, leakage of air 

into 260 

inspection in eoonomiser 274 

Sewage, centrifugal pumps for 

moving 151 

pumping plants, pumps for 136 

Shell, sise required lor open feed- 
water heater 234 

Side-suction pump 114 

Side-thrust in centrifugal pump 114 

Simplex double-acting pumps, appli- 
cation 96 

pump, air-chamber for 60 

as vacuum- and air-pumps ... 66 
compared with duplex-pumps 64 
single-acting, rates of suction 

and discharge, graph 00 

steam-valve 66 

Single header system for steam 

piping 371 

Single-suction pump 114 

Siphon jet condenser 280 

Slmg psychrometer to determine 

relative humidity 332 

Slip, pump, definition, explanation. . 21 
relation to high piston- 
speed 21 

Small wood, Julian, "Mechanical 

Laboratory Methods " 161 

Snifter for air-chamber of pump, illus- 
tration 60 

Speed variation, motor-driven cen- 
trifugal pumps 161 

Spray cooling and condenser-outfits, 

performance guarantees 347 

constant, proper value, pre- 
determination 347 

effect on condensing water . . . 320 
roof space for, illustration. . . . 346 
fountain, conditions affecting re- 
cooling 344 

in connection with cooling 

ponds 343 

installations, table of related 

data 340 

noszles, sise and number 348 

spacing 348 

on power house roof 360 

ponds, ground-area required. . 360 
power required to operate. . . . 360 

nossle, Badger 344 

capacities, table 348 

impact. Cooling Tower Com- 
pany 346 

installation, temperature re- 
duction effected by, formula 347 

tests, graph 346 

pond for artificial cooling 318 

with Cooling Tower Com- 
pany's impact nozzles... 343 
Springs, pump discharge valves, pres- 
sure to overcome reaction, 

as a hydraulic loss 27 

Stand-by pump, direct-actin|( 192 

Stand oipe, column of water in a. . . . 3 

illustration 4 

Stands, floor, for steam piping 380 

Static head of fluid column, definition 3 
Steam and oil separators. Direct 
Separator Company, on 

separator economy 387 

at injector overflow 170 

automatic exhaust, heat balance 181 
boilers, apparatus for feeding 

water 171 

condensation rate in uncovered 

pipe lines, table 41^ 
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Steam, condeiused by open feed-water 

heater, formula 231 

condenser, see also Condenser 

steam 277-327 

oondensing water for 320 

consumption, duty of pump on 

basis of, formula 33 

power plant feed-water re- 
quirements based on 106 

relation to condenser vacuum 286 
with oondensing and non-con- 
densing operation 280 

crank-and-fly-wheel pumps 70 

end, pump, warmed up 70 

energy conserved by separation. 386 
exhaust, see also Exhaust steam. 
enerflcy in, non condensing 

plant 207 

heat in 200 

main piping, average pressure- 
drop 376 

separating for heating system 388 

separators 385-401 

from boiler, moisture in 385 

heat abstracted from by cooling 
water in surface condenser, 

formula 302 

heating, low-pressure 180 

how saved by condenser 279 

in condensing plant, useful for 

feed-water beating 230 

line tapping for injector 166 

live, separators 385-401 

low pressure, table of prop- 
erties 301 

main, floor stand supporting 380 

pressure-drop allowed in prac- 
tice 376 

suspending and counterbal- 
ancing expansion loops 380 

waU-bracket supporting 380 

net thermal value diminished by 

moisture 386 

nozzle of injector 156 

pipe size necessary to deliver at 

given rate, formula 375 

Steam piping, see also Piping, 

sUam 363-383 

of power plants 363-383 

power plant, grades of pipe for, 

table 368 

pumps, advantages and disad- 
vantages, table 180 

allowable velocity in water- 
piping 40 

direct-acting 39-73 

classification 41, 53 

for boiler-feed service, selec- 
tion of 65 

hydraulic pressure, illus- 
tration 45 

outside center-packed, illustra- 
tion 20 

reciprocating double-acting. . . 30 
vacuum-chamber connected 

to, illustration 52 

valve-stem lost-motion, func- 
tion of 58 

with outside end-packed 
plungers, water end, illustra- 
tion 20 

quality, efficiency of livensteam 

separator based on 308 

saturated or superheated, pres- 
sure-drop, pipe sizes and 

capacities for, graph 374 

saving due to condenser, graph . 282 
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Steam separators, see also Separators, 

steam 385-401 

cost 401 

supplied by boiler plant, methods 

of distributing 371 

useful in feed-water heating, 

non-condensing plant 230 

volume required for discharge of 

return trap 406 

water in, turbines damaged by 386 
wet, efifect on engine cylinder 

lubrication 386 

loss of turbine efficiency due 

to 387 

reasons for separating 386 

Steam-bound, pumps becoming 4 

Steam-current velocity through sep- 
arator, efficiency affected 

by 306 

Steam-flow in piping system, resist- 
ance decreased by pipe- 
bends •.••••.• 3®® 

pulsating, causing vibration in 

steam piping 370 

velocity and separation efficiency 

graph 397 

velocities in practice 375 

Steam-gage pressure to balance 
water-gage pressure, for- 
mula 36 

Steam-loop, Holly, for draining high- 
pressure piping, illustration 382 
Steam-piston diameter, requisite, 
direct-acting steam pump, 

formula 23 

Steam-storage capacity, receiver 

separator 388 

Steam-temperature fluctuations, 

shielding glass water-gages 

from 401 

Steam traps, see also Traps, 

steam 403-413 

"Bulletin" G, Elliott Company, 

condensation rates, table 412 

"Catechism, Swendeman's," ca- 
pacities and dimensions, 

table 411 

compared to pumps for boiler 

feeding 205 

separator drained by 400 

Steam-valve, adjustment of, duplex- 
pump 57 

of duplex-pump 55 

rod, duplex-pump, requisite 

length 57 

Steel, cast, for steam piping 363 

mild, for steam piping 363 

pipe and wrought iron, working 

pressures, data 367 

trade meaning 367 

Stems and rods of pumps, packing 

of 09 

steam-valve, duplex-pumps, 

illustration 58 

pump-valve, causes of scoring 70 

Stilwell feed- water heater 217 

through-type feed-water heater, 

piping arrangement 223 

Soot, methods of removing from 

economizer-tubes 257 

Soot-blower, economizer 258 

Soot-blowing system, steam-con- 
sumption of 258 

Soot-pit, inspection in economizer. . . 274 

Soot-scraper, illustration 258 

inspection in economizer 274 

Storage of feed-water in open heater 225 
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Strainer, foot-valve with, illustra- 
tion 142 

in circulating water suction 

pipe 313 

in trap-inlet connections, func- 
tion 412 

injector suction-pipe 168 

pump suction-pipe, illustra- 
tion 6 

Strains, avoided by preheating 173 

Stratton centrifugal horisontal live- 
steam separator, illustra- 
tion 891 

Stresses, boiler, diminished by use of 

economiser 272 

Striking-points equally spaced, illus- 
tration 62 

Stroke, length in inches, formula 

for 35 

Strokes ner minute, formula for 36 

Stuffing-Dox, condenser, index to 

condition 163 

Stuffing-boxes of centrifugal pumps, 

packing 151 

Sturtevant, B. F. Company, econ- 
omizer draft fans 262 

functions, diagram 251 

economiser, header and tube 

construction 256 

Suction-lift, net, of reciprocating 

pump, definition 2 

of centrifugal pump 139 

how measureo. 8 

of pump at various altitudes, 

table 2 

of the water 7 

practical maximum 1 

pump with low, priming 149 

Suction une, enlarged, connected to 

centrifugal pump 143 

imperfectly laid, illustration. . 8 
independent, centrifugal 

i>umps 142 
e, pump, pressure in, illus- 
tration 40 

pipe of pump, sizes for, formula 18 
pump^ funneled end, illustra- 
tion 6 

rate of, crank-action pump, 

graph 91 

Suction-supply, distant 9 

Suction well for pump supply 9 

illustration 8 

Sump for single centrifugal pump . . . 143 
Surface condenser, see also Condensert 

surface 289 

coefficients of heat transfer- 
ence, table 304 

feed-water used repeatedly . . . 288 
heat abstracted from steam by 

cooling water formula 302 

tubes and tube-sheets 302 

Surface condensing plant location of 

separator 399 

corrugated, in steam separator, 

functions 393 

external, and internal, inspection 

in economizer 274 

water-cooling, required in surface 

condenser, formula 303 

Swartwout centrifugal steam sepa- 
rator, illustration 391 

Sweating economizer-tubes 257 

Sweet mesh, exhaust-head, illustra- 
tion 399 

vertical steam separator, illus- 
tration 393 
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Swendeman's, "A Steam-Trap Cate- 
chism," capacities and di- 
mensions table 411 

Symbols, list xii 

Synchronous-motor-driven centrifu- 
gal pumps, power-factor- 
correcting 132 



Tee, plugged, for sharp turn in pump 

piping 6 

Temperature, breaking, of injector. . 164 
'drop" in surface condensers, 

definition 304 

efifect on pump intake pressures, 

graph 2 

of atmospheric air, how deter- 
mined 332 

of water, effect on pump suction 1 
reduction effected by spray- 
nozzle installation formula 347 
average, effected by cooling 

tower in summer 356 

wet and dry-bulb, table 331 

Temperature-difference for boiler 

heating-surface 268 

least, for economizer heating- 
surface 269 

wet- and dry-bulb, relative 
humidities corresponding to, 

table 335 

Terminal difference, definition 320 

jet condenser 320 

Terry Steam Turbine Company, 

pump test 136 

Testing centrifugal pump, illustration 

and formulas 123 

Tests, pump, hydraulic losses 27 

Thermometer, dry-bulb 332 

economizer fitted with 259 

wet-bulb 332 

Thrust-bearing for vertical sub- 
merged centrifugal pump 152 
Goulds Manufacturing Com- 
pany 121 

Tile-tubing for mixing chamber 352 

Tilting or dumping steam trap, 

counterweighted 406 

Total efficiency of pump, definition, 

formula 30 

Tower, cooling, see also Cooling 

tower 339-361 

Burhorn metallic 330 

condensing water cooled by 329 
Trap, ball-float, valve-operating 

mechanism, illustrauon .... 407 

Bundy, illustration 203 

continuous-discharge 405 

discharge pipes, check-valves 

in 413 

draining discharge pipes 412 

expansion, location 410 

inlet connections, strainers in, 

function 412 

intermittent-discharge 405 

return 202 

coal saving effected by 408 

operating principle 405 

volume of^steam required for 

discharge 406 

steam 403-413 

capacity 410 

care of 413 

classification according to dis- 
charge 405 

to operation 403 
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Trap, steam, compared to pumps for 

boiler feeding 205 

definition 403 

dimensions and oapacities, 

table 411 

expansion, for feed-water 

neater 405 

external by-pass 412 

for heating coils 409 

for live steam separators, illus- 
tration 405 

high- or low-pressure, location 

lor 409 

Kieley expansion, illustration. 404 
methods of detecting leaks. . . 413 

non-return, economy 408 

piping 412 

return and non-return 403 

economy 407 

proper location for ......... . 408 

temperature-operated, limita- 
tions 409 

vacuum, for draininji; separator 404 
vent-pipe connecting with 

apparatus drained 413 

Trapping-sheet in steam separator 393 
Tray area required, open feed-water 

heater 232 

Trays, perforated, for mixing 

cnamber 352 

Triplex double-acting pumps, appli- 
cation 96 

single-acting power pumps, 

application 96 

Tubes and tube-sheets, surface 

condenser 302 

condenser, fouling of, result. ... 315 
economixer, scale and sediment 

in 259 

in closed feed-water heater 240 

surface-condenser, replacement 325 
Tube-cleaner, Worthington hvdraulic 324 
Tube-cleaning equipment, built-in, 

surf aee condenser 324 

Tube-sheets, surface condenser. ..... 302 

Tube-surface required in surface con- 
denser, formula 303 

Tube-surfaces, economizer, cleanli- 

ness 257 

Tuck piston-packing, illustration 43 

Turbine condenser practice 286 

vacuum for 285 

damage due to water in steam . . 886 
for centrifugal pump, water 

rate 193 

pumps, definition 109 

steam, as pump drive, condens- 
ing 133 

driving centrifugal pump 133 

with high-vacuum jet con- 
denser 305 

Turbo-generator, Westinghouse- 
LeBlano surface condenser 
with 311 
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Uniflow-engine condenser practice. . . 286 

Underwriters,, fire-insurance, pumps 

required by 65 

Underwriters' fire-pump, illustra- 
tion 59 

Unit system main steam piping, 

illustration 373 

Unit-grou^ arrangement for steam 

piping 372 



Paqb 
V 

Vacuum aui^menter, Parsons, illus- 
tration •. 307 

condenser, loss while rtmning .. . 313 
relation to steam consump- 
tion 286 

conversion inches of mercury to 

pounds per square inch .... 29 

corresponding to condenser tem- 
perature 315 

exhaust-steam separation in, how 

facilitated 398 

Eage, illustration 284 
igh, with piston pumps, how 

secured 310 

in jet condenser, how restored. . 314 
most profitable, in condenser . . . 285 
partial, in condenser, increased 

engine economy 277 

Vacuum-chamber connected to 

steam-pump, illustration 52 
height of water m, illustration . . 52 

in pumps, function of 51 

special, iUustration 52 

Vacuum-pumpj simplex pump as. . . . 65 
Vaile-Kimes single-acting deep-well 

pump 94 

Valve arranged above pump-barrel, 

illustration 47 

back-pressure, feed-water heater 220 
decks, securing pump valve seats 

in 46 

direct-acting simplex steam- 
pump, illustration 56 

discharge, closed, centrifugal 

pump run with 149 

effect of tightness on pump 

suction 1 

exhaust-relief, back-pressure, in 

water piping 246 

fiat disc, area of opening 49 

flat-faced bronse poppet 47 

wing poppet, illustration 46 

flat-seated pump, illustration ... 44 
foot, with strainer, illustration . . 142 
frictional resistance in pump due 

to 14 

table 15 

to water-flow through 14 

gate or check, in pump discharge 

line -67 

pressure-drop produced by . . . 377 
globe, in steam pipes, pressure- 
drop due to, formula- 377 

in piping, friction due to flow 

through 6 

inside-operated, simplex steam- 
pump, illustration 56 

leakage, failure to catch water. . 67 
leaky, in steam boiler-feed 

pumps 192 

of horizontal double-acting 
suction-pumps, arrange- 
ment 47 

of power^lant pumps 43 

pump, see also i*ump-valve8. . . 43-47 
discharge, pressure to over- 
xsome reaction of springs, as 

a hydraulic loss 27 

friction in 6 

rubber, for low pressure 46 

seat of governor 202 

uneven wear in 68 

side bv side above pump-barrel, 

illustration 48 

steam, of simplex-pumps 56 
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Valve, steam-pump, wear causing lost 

motion 68 

steam-thrown 65 

suction, air below, efifect on 

pump 66 

uneven wear in 68 

water-relief, on constant-speed 

feed pump 201 

Valve-discs, ruboer composition, 

hardness 45 

Valve-operating mechanism of Ameri- 
can ball-float steam trap, 

illustration 407 

Valve-orifice of steam trap, area .... 408 

Valve-stem lost-motion, correct 62 

in steam-pumps, function of . . 58 
slow-runmng duplex-pumpe 63 

of governor, packing 201 

pump, incorrect adjustment as 

source of loss. . .^ 61 

rigid, connection in duplez- 

Sump 63 
usion 109 

guide 109 

Vapor pressure of saturated water 

vapor, graph 336 

water, in air, weight, how deter- 
mined 336 

pressure in- air, how deter- 
mined 336 

Velocity, allowable in water-piping of 

direct-acting steam pump . . 40 

steam-flow, in practice 375 

head, definition 4 

why neglected 5 

of freely falling body, formulas 105 
of periphery and r.p.m. of 

impeller, formula 108 

current through separator, effi- 
ciency effected by 396 

flow and separation efficiency 

graph 397 

in separator selection 400 

of water in cast-iron pipe, table 

of 12 

in pipes, table of 10 

pressure producing in a pipe. ... 5 
through reciprocating pump dis- 
charge pipe, formula 24 

Vent-pipe connecting high-pressure 
trap with apparatus 

drained 413 

induction heater 246 

Vertical pump, aligning motor with 122 

bearings in 121 

Vessel, head due to pressure in 8 

Vibration in steam piping due to 

pulsating steam-flow 379 

pipe, devices to prevent trans- 
mission, illustration 379 

prevented by receiver-separator 388 
Voltage, steady, electrically-driven 

centrifugal pumps 151 

Volume of water ana friction head in 

centrifugal pump 130 

swept by pump piston, illustra- 
tion 19 

Volumetric efficiency of pump, defini- 
tion, formula 22 

relation to pump-slip 22 

Volute pumps, definition 109 

Vulcan soot blower 258 

W 

Wainwright closed feed-water heater, 

copper corrugated tube , , , , 240 



Pagb 
Washers, cup, for deep-well pump- 
plungers 98 

Waste-valve of injector 157 

Water and air, power to remove from 

condenser 284 

apparatus for feeding steam 

boilers 171 

area of in cylinder, formula 

for 35 

bad, effect in jet condenser 319 

on surface condenser 319 

column of, converting to unit 

pressure, formula 4 

condensing, see also Condensing 
wcUer. 

recooling methods 329-361 

cooling, character, guantity and 
source factors m condenser 

selection 318 

cost of handling 320 

devices for bringing into contact 

with air in recooling system 337 
discharged from jet condenser, 

temperature 300 

heads, high, effect on condenser 

water requirement 322 

height raised by pump suction . . 1 

hot, pumping 2 

"make-up," cooling effect 342 

definition 356 

passage through suction pipe 
and pump, as a hydraulic 

loss 27 

pounds pumped per pound of 

steam 162 

pumped per pound of steam 
decreases with steam pres- 
sure 164 

quantity of, delivered by cen- 
trifugal pump 107 

raised to height. 112 

ratio to steam, jet and surface 

condensers 321 

relative flow in economizer 265 

slugs, dangers 386 

vapor in air, weight, how deter- 
mined 336 

pressure in air, how deter- 
mined 336 

saturated, pressure graph .... 336 
weight of, in one cubic foot of 

air, graph 336 

Water-cooling in surface condenser. . 290 
surface required in surface 

condenser, formula 303 

Water-end, crank-action pumps 80 

of direct-acting steam pump, 

illustration 39 

Water-gage, glass, on steam separator 401 
pressure to balance steam-gage 

pressure, formula 36 

Water-horse-power developed by 

pump, formula 25 

indicated, definition formula. . 29 
Water-loss, cooling tower, per cent . . 357 
greater in open than in closed 

cooling tower 355 

Water-piston, packed with snap rings, 

illustration 39 

packing 42 

Water-relief valve on constant-speed 

feed pump 201 

Wearing rings 115 

illustration 116 

Welderon reverse-current receiver- 
separator, illustration 890 

Well, deep-well pump for 84 
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Well, driven, eentnfagal pump 144 

or sump for single centrifugal 

pump 143 

suction, illustration 8 

Westinghouse-Le Blanc surface con- 
denser 311 

turbine with, illustration. . . 306 

Wheeler cooling tower 351 

drpr-vacuum pump 310 

rain type low-level jet con- 
denser 294 

two-stage "Radojet" air-pump, 

illustration 308 

Wheeler-Balcke natural draft 

cooling tower 353 

Wheeler-Edwards condensate and air 

pump 309 

Whitlook closed heater, manifold 241 

Wind velocities, table 331 

Wind-break around spray fountain. . 350 

Wing^valves in high-pressure pumps 45 

Work, actual, of pump, definition ... 24 

gained by condensing operation, 

diagram 280 



Paob 
Work, net, of pump, definition, for- 
mula 24 

of pump in horse-power 25 

Working pressures, wrought iron and 

steel pipe, data 367 

Worthington Company, forced draft 
cooling tower with surface 

condenser 354 

cooling tower, illustration 339 

mixing chamber 352 

forced draft, cooling tower 353 

hydraulic tube-cleaner 324 

independent jet condenser, illus- 
tration 290 

Worthington Pump and Machinery 
Corporation, centrifugal 

pump 110 

thrust bearing 121 

^ standard condenser-tube gland 302 
Wright baffle-plate exhaust-head, 

illustration 399 

Wrought iron and steel pipe, working 

pressures, data 367 

pipe, trade meaning 867 
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